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PREFACE. 


HESE  volumes  were  commenced  in  an  endeavour  to 


^  present  to  my  pupils  a  systematic  and  comparative 
view  of  the  different  processes  used  for  the  extraction  of 
gold,  silver,  and  mercury  in  the  United  States.  Since 
their  commencement  many  years  ago,  the  work  has  grown 
far  beyond  the  space  that  it  was  originally  intended  that 
it  should  occupy,  and  I  have  ventured  to  present  it  to  the 
public  in  the  hope  that  it  might  give,  up  to  this  date,  a 
reliable  description  of  the  condition  of  the  metallurgy  of 
gold,  silver,  and  mercury  in  the  United  States,  as  well  as 
the  progress  which  has  been  made  towards  perfecting 
machinery  and  processes  for  their  extraction.  Much  of 
the  information  contained  in  these  volumes  has  been 
published  from  time  to  time,  as  the  examinations  or  re¬ 
searches  were  made,  in  the  various  scientific  periodicals 
in  this  country  and  Europe,  as  detached  and  discon¬ 
nected  memoirs  and  monographs  ;  these,  with  much 
additional  material,  have  now  been  put  together  in  such 
a  way  as  to  represent  the  treatment  of  the  precious 
metals  in  the  United  States  as  a  whole.  The  investiga¬ 
tions  on  the  various  processes  and  the  researches  on 
such  subjects  as  seemed  at  the  time  to  require  special 
study,  have  been  made  either  at  the  works,  through 
the  kindness  of  the  superintendents,  or  in  my  own 
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laboratory,  simply  for  the  sake  of  ascertaining,  as 
far  as  was  possible,  what  the  real  state  of  the  facts  were. 
As  stated  in  the  Introduction,  the  progress  has  been 
extremely  rapid,  so  much  so  that  processes,  which  have 
been  in  the  past  of  the  highest  importance,  have  been 
entirely  superseded  by  others,  and  sometimes  within  a 
very  few  months,  ores,  which  it  had  been  found  previously 
impossible  to  work,  either  on  account  of  the  complication 
of  the  impurities  contained  in  them,  or  the  poverty  of  their 
yield,  have  become  possible  to  treat  with  perfect  success. 
There  will  undoubtedly  be  as  great  progress  made  in  the 
next  ten  or  twenty  years  as  there  has  been  in  the  last 
two  decades.  Our  surface  ores,  which  are  in  general 
easily  treated,  have  been  largely  worked  out,  and  we 
are  now  coming  to  the  period  when  we  shall  have  to 
attack  the  real  wealth  of  the  country,  which  is  contained 
in  the  poor  and  the  so-called  “  rebellious  ores,”  of  which 
there  are  and  always  have  been  plenty.  The  use  of 
this  word  rebellious  has  been  the  cause  of  the  loss  of 
many  millions  of  dollars.  It  is  one  of  those  words  behind 
which  men  are  willing  to  attempt  to  conceal  great 
ignorance,  and  in  the  face  of  which  they  have  been 
content  to  use  the  metallurgical  non  possumus.  If 
instead  of  using  this  word,  it  had  long  ago  been  said  that 
the  ores  now  known  as  rebellious  are  those  which  we  do 
not  now  know  how  to  treat,  men  would  not  have  ascribed 
an  active  principle  to  the  ore,  as  though  it  was  resisting 
t  lem,  but  might  have  constantly  worked  at  the  problem 
ol  treating  it,  until  some  successful  method  had  been 
found.  The  spirit  of  to-day  is  to  recognise  no  difficulty 
w  lie  i,  111  the  face  ol  transportation,  fuel,  and  water 
may  not  be  overcome.  By  improved  and  more’ 
economical  methods  of  treatment,  the  precious  metal 
contents  at  which  the  ore  is  workable,  is  stead  ly 
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becoming  lower,  so  that  ores  which  could  not  be  worked 
twenty  years  ago,  now  yield  a  profit.  Our  progress 
in  the  past  has  consisted  in  eliminating  many  of  the 
formerly  poor  and  rebellious  ores  from  the  list,  and  it  is 
to  be  hoped  that  our  progress  in  the  future  will  consist  in 
eliminating  rebellious  ores  altogether,  so  that  there  will 
be  no  class  of  ores  unprofitable  to  treat  on  account  of 
their  constitution,  but  only  on  account  of  their  yield. 
The  commercial  details  of  the  various  processes  have 
been  given  as  far  as  ’it  has  been  possible  to  obtain  them 
There  is,  however,  a  natural  reluctance  to  give  these 
details,  as  such  information  often  leads  to  competition, 
and  frequently  to  losses.  These  details,  while  they  are 
generally  not  complete,  for  individual  works,  give,  in 
most  cases,  a  very  fair  idea  of  the  cost,  and  are 
generally  sufficiently  full  to  be  made  the  basis  of 
estimates. 

I  have  used  for  the  most  part,  in  writing  these  volumes, 
my  own  notes  taken  at  the  works,  but  I  have  also  con¬ 
sulted  freely  the  Transactions  of  the  Institute  of  Mining 
Engineers  from  1871  to  1886,  the  Reports  of  the  Mining 
Commissioner  from  1867  to  1876,  the  Production  of 
Gold  and  Silver  in  the  United  States  from  1880  to  1884, 
and  the  thirteenth  volume  of  the  Reports  of  the  U  nited 
States  census  of  1880.  To  individuals  I  am  especially 
indebted  to  Mr.  Faber  Du  Faur  for  working  drawings 
of  his  furnaces,  to  Mr.  Weisse,  of  the  Germania  Works, 
and  to  Mr.  Eurich,  of  the  Pennsylvania  Lead  Works, 
for  many  interesting  details  on  zinc  desilverization 
furnished  to  me  by  them,  while  visiting  their  works 
for  the  preparation  of  that  chapter,  to  Mr.  A.  Eilei^, 
of  South  Pueblo,  Colorado,  and  to  Mr.  Malvern  lies, 
of  Denver,  for  information  regarding  the  present 
prices  of  ores  ;  for  information  relating  to  the  Boston 
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and  Colorado  process,  to  Professor  Hill,  who  afforded 
me  every  facility  for  taking  the  drawings  of  all  the 
furnaces,  and  to  Professor  Pearce,  who  gave  me  the  in¬ 
formation  required  at  the  works,  concerning  the  details 
of  the  various  processes  carried  out  there  ;  for  informa¬ 
tion  relating  to  silver  stamp  mills,  to  the  Blake  Crusher 
Company,  of  New  Haven,  Conn.,  for  information  and 
drawings,  to  Mr.  S.  R  Krom,  for  drawings  and  infor¬ 
mation,  to  Mr.  J.  M.  Scott,  of  the  Union  Iron  Works, 
and  to  the  proprietors  of  the  Miners’  Foundry  of  San 
h  rancisco,  who  kindly  allowed  me  to  take  tracings  of 
drawings  and  to  examine  the  mills  which  they  have  con¬ 
structed  ;  for  information  on  pan  amalgamation  to  the 
Miners’  Foundry  of  San  Francisco  for  drawings,  to  Fraser 
and  Chalmers,  of  Chicago,  Ill.,  for  drawings  and  informa- 
tion,  to  Mr.  W.  H.  Patton,  the  designer  and  constructor 
of  the  Consolidated  Virginia  Mill  for  the  loan  of  and 
the  permission  to  copy,  the  drawings  from  which  that 
null  was  built,  to  Mr.  Elstner,  of  the  Brunswick  Mill 
who  furnished  me,  both  at  the  mill  and  by  letter  with 
alarge  amount  of  information,  and  to  the  managers  of 
the  mills  generally  who  have  very  kindly  entered  into 
my  plan  of  endeavouring  to  present  a  fair  outline  of  the 
methods  in  use  on  the  western  coast  for  the  milling  of 
silver  ores;  tor  the  treatment  of  tails,  to  Mr  W  C 
Arnistroiig  for  the  drawings  of  the  Woodworth  Sluices; 
to  Mr.  Hodges,  of  the  Lyon  Mill,  for  information  concern¬ 
ing  that  mill,  and  to  my  former  pupil,  Mr.  J.  A.  Church 
for  information  relating  to  the  Tombstone  Mill.  For  the’ 
processes  of  leaching  silver,  to  Mr  F  H  n  „  7 

my  former  papil,  Mr.  C.  F.  T  ’  a"d 

relating  to  the  Mabel  Mine  to  ,„v  f  *  ,r,for““'on 
u*  M  i7i  .  „  to  my  roriner  ijupil  Mr  W 

Radford,  h  or  information  on  ov>lH  r 

W.  H.  Patton  for  the  loan  ,  '  „f,  *»  Mr. 

a"  ot  ancl  Permission  to  copy 
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the  construction  drawings  of  the  Plumas  Eureka  Mill, 
to  Mr.  0.  C.  Kensett,  superintendent  of  the  Keystone 
Mill,  foi  information  given  at  the  time  of  my  visit,  and 
to  Mr.  G.  F.  Van  Deetken  for  some  details  on  blanket 
\\  ashing  ,  foi  information  on  the  parting  processes  used 
in  the  United  States  Mint,  to  Mr.  H.  Burchard,  the 
former  Director  of  the  Mint  at  Washington,  and  to  the 
present  Director,  Dr.  J.  Kimball,  who  have  given  me 
the  necessary  authority  to  visit  the  Mints  and  Assay 
Offices  of  the  United  States,  and  also  to  Mr.  A.  Mason, 
Superintendent  of  the  New  York  Assay  Office,  and  Mr. 
B.  k .  Martin,  the  melter  and  refiner  ;  for  facilities  in 
studying  the  process  used  there,  to  Dr.  Booth,  of  the 
United  States  Mint,  at  Philadelphia,  and  especially  to 
Mr.  W.  G.  Summer,  Mr.  F.  C.  Garrigus,  and  Mr.  D. 
H.  Mirkel,  for  the  special  courtesies  and  information 
given  me  while  visiting  the  Mint  to  study  the  processes 
there  used,  and  to  Mr.  J.  F.  Randoll,  of  New  Almaden, 
to  Messrs.  C.  E.  Livermore  and  J.  W.  Hall,  of  the 
Reddington  Mine,  and  also  to  Mr.  R.  F.  Knox,  of  San 
Francisco,  for  information  relating  to  the  treatment  of 
mercury. 

School  of  Mines, 

New  Yoke,  July,  1S87. 
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The  progress  of  metallurgy  in  the  United  States  during  the 
last  thirty  years  has  not  only  been  very  rapid,  but  has  produced 
very  extraordinary  results.  Previous  to  the  discovery  of  gold 
in  California  in  1848,  the  United  States  produced  but  a  small 
portion  of  the  world’s  product  of  metals,  and  its  people  were  not 
known  as  skilled  in  the  mining  or  metal lurgical  sciences.  The 
great  coal-fields  were  known  and  worked,  and  iron  was  produced 
in  what  would  now  be  considered  very  small  quantities.  The 
discovery  of  copper  on  the  upper  peninsula  of  Lake  Superior, 
and  of  gold  in  California,  showed  the  want  of  knowledge  of 
these  subjects  amongst  our  people,  and  undoubtedly  gave  the 
stimulus  to  the  energy  and  enterprise  which  now  makes  the 
United  States  one  of  the  greatest  of  mining  and  metallurgical 
nations.  Twenty-five  years  ago  there  was  no  place  in  the  LTnited 
States  where  an  elementary  knowledge  of  either  mining  or 
metallurgy  could  be  had  in  any  of  the  educational  institutions 
of  the  country.  To-day  a  more  thorough  knowledge  of  these 
sciences  can  be  had  here  than  anywhere  else.  The  prospector  of 
VOL.  I.  B 
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those  early  days  has  been  obliged  to  give  way  to  the  thoroughly 
trained  mining  and  metallurgical  engineer.  No  liner  or  better 
examples  of  what  skill  and  science  can  do  are  to  be  found  than 
in  the  works  which  have  been  erected  in  different  sections  of  the 
United  States  within  the  last  fifteen  yrears.  In  the  early  days, 
when  prospectors  and  mineral  wands  were  more  or  less  relied  on, 
“  science,”  which  meant  education  in  general,  was  looked  on  with 
suspicion  ;  the  demand  was  for  “  practical  men.”  But  as  soon  as  it 
became  apparent  that  there  was  enormous  wealth  in  the  ground, 
which  could  not  be  extracted  by  either  uneducated  or  half-educated 
men  with  empirical  means,  science  was  called  in.  In  the  first  few 
years  the  “  scientific  cuss,”  as  he  was  called,  was  expected  to  be 
a  mining,  metallurgical,  mechanical,  and  chemical  engineer,  and 
in  all  cases  where  he  did  not  know,  to  improvise  his  knowledge ; 
but  it  was  not  long  before  experts  in  all  the  branches  were  to 
be  had,  and,  in  consequence,  new  methods  and  new  processes 
have  resulted,  so  that  mining  and  metallurgy  have  made  more 
piogiess  on  this  side  of  the  Atlantic  in  the  last  thirty'  years,  than 
had  formerly  been  made  in  the  Old  World  in  more  than  one 
hundred.  A  quality  of  mind  seems  to  have  been  produced  by 
the  mixture  of  races  on  this  continent,  which,  while  demanding 
ioi  the  people  as  a  whole  the  most  general  information,  enables 
us  easily  to  giasp  details,  while  the  eminently  mechanical  genius 
of  oui  people  leads  us  to  adapt,  improve,  and  invent  machinery 
oi  t\ciy  pui pose,  and  thus,  by  replacing  hand  labour,  to  both 
improve  and  cheapen  the  cost  of  processes. 

The  gold  excitement  in  1848  was  produced  by  the  discovery 
of  the  very  rich  placer  mines  at  Sutters  Mill,  El  Dorado  Co., 
a  i  orma,  from  which  the  gold  in  quite  large  pieces  was  easilv 
sepai ated  by  washing  with  water  in  a  common  pan.  Shortly 
aftei  the  discovery  °t  a  number  of  nuggets  of  large  size,  and 

to  mvv°Tfl  rS  ^  bC0n  found  and  Cllt  small  pieces 

Ism  In  ov Tr  bdng  kn0Wn>  «“»*  the  wildest  enthu¬ 
siasm  oi  or  the  United  States.  Some  large  fortunes  were 

hnt  noTnTca  1  CF°wd  of  advontm'ora  who  rushed  to  California, 
by  this  whoZ °W  °f  th6  and  disappointment  caused 

published,  but  thewconTof  th  T  M  SUCC6S8  °f  th®  £®W  WaS  widely 
e  nd  of  the  failures  was  never  made.  What 
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they  must  have  teen  is  shown  by  the  fact  that  after  the  State 
of  Cahforma  had  provided  insane  axioms  for  the  percentage 

ca  °dt  •  f  ’  a"th0li‘ies  obliged  to  double  their 

A  j  ' 

So  entirely  has  mining  formed  a  part  of  the  history  of  the 
country  that  the  very  words  which  express  the  miner’s  joy  or 
sorrow.  Ins  success  or  failure,  have  passed  into  the  cm-rent  con¬ 
versation  of  society.  To  “  strike  it  rich,”  to  -  find  pay,”  to  “  pan 
out  or  to  get  down  to  hard-pan  ”or  “  to  the  bed-rock,”  indicate 
to  the  people  of  the  Western  coast  their  success  or  failure  their 
prosperity  or  adversity,  more  emphatically  than  any  other  words 
in  the  English  language  could  do. 

It  is  very  doubtful  whether  the  Western  States  and  Territories 
^vould  have  been  settled  even  now  but  for  the  fabulous  yield 
of  the  early-discovered  surface  deposits.  California  had  been 
more  or  less  occupied  for  200  years  by  Spaniards  and  Mexicans. 
It  was  known  in  a  general  way  that  gold  was  to  be  found  either 
m  that  country  or  districts  adjacent  to  it.  Shallow  placers  had 
een  worked  with  very  small  results  for  a  long  time.  Placer 
gold  was  discovered  and  worked  in  1841.f  In  1843  gold-bearing 
quartz  had  been  mined.  But  the  discovery  of  gold  in  the  sluice 
of  a  mill  depopulated,  for  the  time  being,  the  city  of  San  Fran¬ 
cisco,  brought  a  small  population  from  China,  and  thousands 
from  Mexico  ;  but  the  country  was  in  a  very  few  months  taken 
possession  of  by  men  from  the  Eastern  States,  attracted  there 
both  by  the  fabulous  stories  about  the  gold  and  by  their  love  of 
adventure.  Everybody  who  could  dig  (and  who  could  not?) 
became  at  once  a  miner.  It  was  not  an  unfrequent  thing,  so 
rich  were  the  deposits,  for  men  who  could  not  earn  more  than 
7o  cents  a  day  where  they  came  from,  to  make  several  hundred 
dollars  between  sunrise  and  sunset,  with  the  rudest  appliances, 
and  with  a  loss  of  no  one  knows  how  much  gold  beside.  This 
15  ^  u^m  v as,  however,  of  but  little  use  to  him,  because,  having 
acquiied  it  without  much  labour,  no  special  value  was  attached 
to  it,  and  he  spent  it  as  freely  as  he  found  it.  The  price  of 

I  have  this  statement  from  a  former  Treasurer  of  the  State  of  California. 

+  Engineering  and  Mining  Journal,”  vol.  xxxii.,  p.  170. 
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everything  in  California  was,  consequently,  very  high  *  Trade 
was  carried  on  as  barter,  in  which  “  gold  dust,”  as  it  was  called, 
which  was  of  all  sizes,  from  a  nugget  the  size  of  the  fist  to  an 
almost  impalpable  powder,  answered  the  purpose  of  a  medium  of 
exchange.  In  every-day  life  the  fine  material  was  used  in  the 
place  of  coin.  It  was  carried  by  the  miners  in  buckskin  bags 
which  were  opened  for  the  merchant  to  take  his  own  pay  by 
lepeatedly  taking  out  what  he  could  hold  between  his  thumb 
and  forefinger.  A  single  pinch  from  the  bag  was  considered  to 
be  equal  to  25  cents,  which  was  the  lowest  value  recognised ;  two 
pinches  were  equivalent  to  50  cents,  four  to  81,  and  so  on.  The 
honest  (?)  merchant  of  those  days  kept  his  forefinger  pressed 
on  a  conical  button  in  his  waistcoat,  in  order  to  make  a  depres¬ 
sion  in  it,  so  that  the  intrinsic  value  of  the  single  pinch  was  often 
equal  to  a  dollar,  or  even  more.  This  was  of  no  consequence 
whatever  to  the  miner,  who  did  not  condescend  to  weigh  his 

gold,  except  in  the  case  of  nuggets  or  of  large  payments  or  bank 
deposits. 

At  fiist,  onlj  the  shallow  and  very  rich  placer  mines  were 
wor  -ed.  They  required  no  capital,  and  but  an  extremely  limited 
amount  of  intelligence  and  skill  to  work  them.  So  long  as  they 
wex^  easily  ound  and  the  pay  abundant,  the  separation  of  the 
gold  was  only  approximative,  and  no  special  improvement  was 
made  in  the  processes  of  extraction.  If  the  sand  was  very  rich 

Hankeat  Tw  T  *  *  ^  St  Was  winnowed  in  a 

it  ,  n  did  n0t  bl™  off  was  amalgamated 

or  it  wal  naLT  **"7*  ***  a  partial  ^traction  effected, 
ox  xt  was  panned  xn  a  rough  way  when  water  could  be  had  or 

was  approximately  picked  out  when  there  was  neither  wa  eTnor 

mercury.  Any  method  was  used  without  ,  ,  .  7 

as  the  “nav”  wa«  imi  •  i  °u^  reoafd  to  loss,  so  long- 

uic  pa^  was  made  rich  enrmo-b  4-^  ±  ° 

sold  by  assay.  °  transport,  and  could  be 

By  such  rude  methods  onlv  n  „ 

gold  was  extracted,  but  it  would  cost  troubl  PC1'CentaSe  of  the 
it  was  left  where  it  was  Thr>  •  *°  ^  ou^  sc 

The  ,mne‘-  «>e»  careless  of  l,is 

*  Flour,  $7.50  per  pound  •  butter  fi 
bottle  of  ale,  §5  ;  a  candle,  $3  •  a  tin  ’’  &  1>arrel  of  Pork  $210  ;  a 
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mode  of  working,  giving  no  thought  to  the  future,  and  was 
extravagant  in  his  habits  and  methods.  In  less  than  five  years 
after  its  first  discovery,  the  quantity  of  gold  had  reached  a 
maximum,  and  after  1853  began  to  decrease  steadily.  As  the 
amount  of  gold  diminished  the  methods  of  extracting  it  im¬ 
proved  ;  the  miners  became  aware  that  they  were  losing  gold, 
and  little  by  little  they  ascertained  that  this  loss  occurred  in 
several  different  ways:  either  it  was  not  separated  from  the 
lumps  of  sand  or  clay  and  was  carried  off  with  them,  or  it 
was  so  thin  in  the  pay  rock  or  became  so  thin  in  the  process 
of  extraction  that  it  was  buoyed  up  and  carried  off  by  the 
water,  or  was  lost  because  the  gold  for  some  reason  did  not 
amalgamate.  At  first  he  simply  called  this  light  gold  “  float  ” 
and  the  other  “  rusty,  ’  and  made  no  very  great  account  of 
it.  But  as  it  became  evident  that  a  very  large  proportion  of 
the  gold  in  the  “  pay  ”  was  being  lost  in  this  float  and  rusty 
gold,  he  became  anxious  first  to  ascertain  how  much  there 
was  that  he  did  not  catch  and  what  part  of  this  was  float — 
a  material  so  light  that  it  was  carried  off  upon  the  water,  and 
was  thus  swept  away — and  what  part  was  rusty,  that  is,  did  not 
amalgamate  with  the  mercury.  To  determine  this  he  sought 
for  machines  to  work  with.  The  miners  pan  had  up  to  this 
time  been  the  tool  with  which  he  “  got  the  colour,”  which  is  the 
expression  used  when  the  gold  begins  to  appear  after  washing 
the  pay  dirt  in  a  pan ;  but  when  he  found  that  he  must  have 
other  appliances,  the  miner  of  1848  took  the  processes  which  he 
found  in  use  by  the  Mexicans  and  the  Mexican  Indians  in  Cali¬ 
fornia,  and  adopted  them  bodily.  These  were,  the  miner’s  pan, 
which  he  found  in  use  when  he  first  came  into  the  country,  and  con¬ 
tinued  to  use  so  long  as  the  placers  were  very  rich  ;  the  arastra, 
and  the  Chilian  mill  upon  which  so  much  ridicule  has  been  cast 
in  later  times,  and  to  the  principle  of  which  we  shall  probably 
have  to  come  back  as  the  gold  grows  scarcer.  The  rude  methods 
of  concentration  associated  with  these  machines  were  the  only 
methods  that  he  found  there,  and  these  he  accepted  without  at 
first  thinking  of  any  improvement. 

M  ith  the  altered  condition  of  affairs  every  experiment  that 
want  of  experience  or  an  active  imagination  could  suggest  was 
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tried.  Every  man  improvised  himself  a  miner,  and  felt  it  his 
bounden  duty  to  commence  where  Tubal  Cain  did,  but  without 
his  intelligence.  The  sum  of  all  that  is  left  of  these  experiments 
is  the  sluices,  riffles,  and  undercurrents  which  are  still  in  use. 
They  alone  represent  the  activity  and  energy  which  in  the  first 
few  years  produced  hundreds  of  failures,  and  brought  loss  and 
disappointment,  and  in  many  cases  ruin,  to  thousands  of  men. 
But  the  necessities  of  the  case  had  so  stimulated  the  active 


minds  who  brought  their  energies  to  bear  on  the  subject  that 
the  failures  were  individual,  as  the  loss  to  a  country  of  wealth 
which  no  one  owned  was  not  estimated,  and,  consequently,  was 
not  felt.  The  country  reaped  the  benefit  of  all  these  efforts 
and  all  the  gains,  and  in  consequence  has  made  greater  strides 
in  the  way  of  progress,  and  more  improvement  in  thirty  years 
than  has  ever  been  made  in  a  century  by  any  other  nation. 

It  is  impossible  to  estimate  the  losses  which  must  have  occurred 


in  these  early  days  by  such  rough  methods  of  working.  The 
I  orty-niners,  as  they  are  called,  cared  very  little  whether  they 
got  out  all  the  gold.  What  they  did  care  for  was  to  make  the 
greatest  present  profit  not  only  between  the  first  and  last  of 
the  month,  but  between  sunrise  and  sunset  of  every  day.  Sunday 
did  not  count  for  a  holiday  then.  It  was  of  no  consequence  to 
the  miner  what  he  lost,  but  it  was  of  great  importance  to  him 
what  he  gamed.  He  recognised  only  to-day  ;  he  knew  and  cared 
nothing  about  the  time  when  through  his  slovenly  methods  gold 
would  become  scarce,  and  if  he  knew  that  he  was  losing  gold 
ns  !  egret  was  for  himself  because  he  did  not  get  it,  and  not 
that  the  country  was  a  loser.  He  knew  nothing  about  political 
economj,  and  would  have  cared  little  for  it  if  he  had  He 
was  extravagant  in  his  habits,  generous  to  a  fault,  careless  of 

itself^Bv^th  TU'1?  Saf'Sfied  t0  1<5t  the  future  takc  o£ 
tin-  nonul  7  7^  ^  PWs  bc8an  to  8row  less  productive 

t  at "Xm  T"  thC  rUntlT  lmd  hlCreaSed  to  «  extent 

that  labour  becoming  abundant  and  wages  so  comparatively  low 

n“'  f  °*  HV7'  7hiCh  nofj  To 

ceTTTi  IT  t0Wa,'dS  *mProvemont  in  the  pro- 

cesaes  anil  to  the  effort  to  save  whnt  hnd  boon  prcviomlv  L 

sidered  as  not  worth  saving  More  ,  y  C°n‘ 

t,  More  caitful  washing  made  men 
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look  for  a  more  abundant  water  supply.  The  freer  use  of  mer¬ 
cury  enhanced  its  value  and  set  the  prospectors  searching  for 
mercury  mines.* 

Our  present  methods,  which  are  being  constantly  improved, 
appear  extravagant  to  those  who  have  been  trained  in  the  Euro¬ 
pean  schools,  because  they  do  not  take  into  consideration  the 
fact  that  with  a  rate  of  wages  much  higher  than  in  Europe, 
and  with  transportation  at  its  maximum,  their  economies  would 
cost  more  to  carry  out  than  they  would  yield.  Hence  the 
foreigner  coming  to  this  country  has  generally  to  commence  his 
education  here  by  unlearning  some  parts  of  the  knowledge  which 
he  has  been  taught  abroad  to  consider  as  his  first  principles, 
before  he  begins  to  acquire  the  new  ideas  which  are  essential  to 
his  successful  practice  among  our  mines  and  metallurgical 
works. 

There  is  in  this  country  no  impediment  to  progress  and 
improvement,  as  there  is  in  Europe,  in  what  is  known  as  ancient 
legislation,  where  antiquated  processes  have  become  customs, 
and  their  use  precedents  not  to  be  easily  set  aside.  Their  statute 
books  are  full  of  laws  preserving  the  rights  of  the  government, 
of  John  Doe  and  Richard  Roe,  in  certain  specific  things,  and 
requiring,  in  certain  defined  cases,  the  following  of  ancient  pre¬ 
cedents  or  the  use  of  obsolete  processes  and  methods,  the  laws 
being  made  with  reference  to  a  condition  of  things  which  existed 
perhaps  one  hundred,  three  hundred,  or  even  five  hundred  years 
ago,  and  remaining  still  unrepealed.  It  is  undoubtedly  in  principle 
a  wise  precaution  not  to  allow  the  investment  of  capital  in 
mining  enterprises  without  having  the  whole  question,  both  in  a 
commercial  and  industrial  point  of  view,  examined  by  govern¬ 
ment  officers,  and  the  government  sanction  given  or  withheld 
according  as,  in  the  judgment  of  its  experienced  officers,  it  should 
or  should  not  be  given ;  but  this  kind  of  paternal  government 
places  a  great  deal  of  power  in  the  hands  of  individuals  who 
desire  to  hold  the  leading-strings,  and  does  away  with  the  indi¬ 
viduality  of  enterprise  which  is  one  of  the  chief  characteristics 

*  The  discovery  of  very  large  deposits  of  the  ores  of  mercury  in  California, 
and  the  original  processes  invented  there  for  working  it,  are  quite  as  remark¬ 
able  as  the  progress  made  in  the  working  of  the  other  metals. 
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of  our  nation.  The  anxiety  to  prevent  the  individual  loss  in 
Europe  often  retards  the  prosperity  of  a  whole  country,  while 
the  precedents,  as  well  as  the  written  and  unwritten  laws  of 
some  of  the  older  countries,  and  the  system  of  centralisation  in 
their  governments  which  entrusts  everything  belonging  to  the 
government  to  corps  or  to  the  heads  of  bureaus  at  the  seat 
of  government,  are  great  impediments  to  progress.  In  this 
country  we  are  at  liberty  to  deal  with  the  necessities  of  the 
case  as  they  occur.  The  impediments  to  progress  are  not  too 
much  but  too  little  law,  not  ancient  but  conflicting  legislation. 
These  impediments  are,  however,  incident  to  any  new  order  of 
things,  and  it  will  not  be  many  years  before  the  last  of  these 
difficulties  will  be  removed. 

When  shallow  placer-mining  became  less  remunerative,  the 
question  of  transportation  commenced  to  be  a  factor  in  the 
question  of  production.  WTiile  a  miner  was  earning  #100  a  day, 
the  tact  that  he  was  forced  to  “  pack  ”  every  article  he  purchased 
for  use,  as  well  as  his  gold,  on  a  mule  to  be  carried  for  days  or 
weeks,  or  concealed  his  treasure  about  his  person  and  travelled  on 
foot  a  considerable  distance  to  invest  or  deposit  his  dust  was  a 
matter  of  very  little  consequence  in  view  of  the  large  amount  so 
easily  earned* 

But  w  hen  he  was  reduced  to  “  hard-pan  ”  and  only  earned  a 
little  more  than  was  necessary  for  the  sustenance  of  life,  the 
ijuestion  both  of  improved  processes  and  of  transportation  became 
a  very  serious  one,  and  had  to  be  studied  very  carefully.  At 
this  point  he  either  improvised  himself  an  engineer  of  mines, 
and  with  ready  Yankee  wit  devised  some  process  which  would 
save  “the  colour,”  or  transported  himself  and  his  “outfit,”  which 
m  those  days  meant  what  lie  would  carry  on  his  back,  with  his 
pick,  spade,  pan,  horn  or  spoon,  or  more  probably  all  of  them,  to 
some  locality  which  was  not  so  far  removed  from  civilisation. 


carriml  aWtluUl  nlm°8t  i“PUnity with  which  We  amounts  were 
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Others,  on  the  contrary,  sought,  in  localities  farther  from  civilisa¬ 
tion,  richer  pay  diggings. 

It  was  not  long  before  this  continued  migration  produced  its 
results,  for  while  the  miner  at  first  searched  only  for  gold  and 
worked  for  gold  alone,  when  it  became  scarce  and  the  necessity 
of  living  became  to  him  imperative,  translating  itself  into  the 
gnawings  of  hunger,  other  things  became  valuable  besides  gold, 
and  he  then  stopped  in  his  transit  from  one  district  to  another 
in  search  of  the  precious  metal  to  locate  a  silver  deposit,  some¬ 
times  in  the  shape  of  lead  ores,  but  he  never  noticed  iron  or 
copper.  It  was  not  until  long  after  that  he  made  the  discovery 
that  copper  ores  frequently  carry  gold,  and  lead  ores  both  gold 
and  silver,  and  then  he  sought  for  smelting  processes.  This  was 
not  done,  however,  until  the  placers  had  commenced  to  decrease 
materially  in  their  yield. 


PLACER  MINING. 

The  deposits  of  gold  first  worked  were  called  placers.  These  were 
from  the  commencement  recognised  as  dry  and  wet,  the  dry  being 
either  ancient  river  deposits  or  recent  river  beds  from  which  the 
water  was  gone.  The  wet  placers  were  streams  which  were 
sometimes  large  rivers.  In  these  placers  the  gold  was  within 
20  ft.  or  so  of  the  surface.  The  dry  placers  were  worked  with 
pans  and  sluices ;  the  rivers  containing  the  wet  placers  were 
dammed  and  the  whole  of  the  water  turned  into  flumes  or  sluices. 
The  river  mud  was  then  sluiced.  As  it  was  impossible  to  keep 
the  river  bed  dry,  both  because  the  dam  leaked  and  because  the 
surface  drainage  could  not  be  kept  out,  large  wheels  called 
“  flutter  wheels  ”  were  placed  in,  and  worked  by,  the  artificial 
channels,  which  pumped  the  water  out  of  the  river  bed  and 
furnished  a  sufficient  supply  of  it  to  the  sluices.  Such  workings 
were  hazardous  and  expensive,  for  if  the  stream  was  at  all  large, 
a  single  freshet  might  wash  out  the  dam  and  the  flume  which 
carried  the  river.  To  make  sufficient  room  to  work  and  also  to 
get  enough  ground  to  justify  the  expense,  the  Hume  carrying  the 
water  of  the  river  was  never  less  than  250  ft.,  and  sometimes 
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water,  and  one  to  bring  the  pay  dirt  and  the  water,  whose 
weight  was  at  least  three  times  that  of  the  dirt.  The  pay  dirt 
was  thrown  upon  a  screen  whose  object  was  to  separate  the  We 
■stones  and  to  help  break  up  the  clay;  the  purpose  of  the  water 
was  to  take  up  the  finely  divided  particles.  The  concentrates 
were  then  panned.  A  pan  contains  about  half  a  cubic  foot  of 
pay  dirt.  A  one-man  rocker  could  concentrate  from  100  to  150 
pans  a  day,  and  a  two-man  rocker  twice  as  much.  It  is  a  very 
slow  machine,  must  always  be  placed  near  the  water,  no  matter 
what  the  distance  of  the  pay  dirt  is,  and  even  when  used  with 

quicksilver  loses  a  very  large  amount  of  fine  gold  and  all  the 
float  gold. 

The  cradle  was  succeeded  by  the  “long  Tom,”  which  for  nearly 
two  years  seemed  a  great  improvement.  It  consists  of  a  rough 
trough  or  launder  18  in.  wide  at  the  upper  end  and  30  in.  at  the 
lower,  and  12  ft.  long.  The  lower  end  is  terminated  by  a  screen 
of  iron  whose  edge  is  so  high  that  the  water  does  not  flow  over 
it,  but  drops  with  its  contents  into  a  trough  below  provided  with 
riffle  bars  and  mercury.  The  pay  is  thrown  in  at  the  upper  end 
and  mixed  with  water ;  what  passes  the  screens  comes  in  contact 
with  the  mercury  and  is  caught,  but  much  of  the  fine  and  all  the 
float  gold  is  lost,  though  it  is  a  better  machine  than  the  cradle. 

As  many  as  four  men  can  work  at  a  Tom,  but  it  is  now  rarely 
seen. 

At  the  same  time  a  puddler  was  used,  which  was  a  barrel  cut 
in  half  or  a  rough  wooden  box  6  ft.  to  8  ft.  square,  and  12  in. 
high,  with  1  h  in.  hole  4  in.  from  the  bottom.  The  pay  was 
thrown  into  this  and  broken  up  and  mixed  with  the  water  until 
it  was  all  in  suspension.  When  the  plug  was  removed,  the  thin 
mud  was  allowed  to  run  out  and  the  operation  commenced  again, 
and  so  on.  The  gold  was  collected  in  the  bottom.  The  puddler 
never  was  used  in  this  country  except  in  small  claims  where 
water  was  scarce,  but  has  been  very  successfully  and  extensively 
used  in  other  countries  where  water  was  not  abundant. 

The  next  improvement  was  the  sluice,  which,  although  it  had 
been  formerly  used  elsewhere,  is  as  much  a  California  invention 
as  if  it  had  never  been  used  before  it  was  invented  here.  It 
consists  of  a  trough  or  launder  made  of  rough  H  in.  boards  sawn 
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for  the  purpose,  and  nailed  together  without  any  pretence  of 
making  them  tit,  as  it  becomes  tight  by  the  swelling  of  the  wood 
and  the  filling  up  of  the  cracks.  The  sluice  is  composed  of  a 
series  of  boxes,  as  they  are  called ;  each  box  is  12  ft.  long,  1C  in. 
to  18  in.  wide  at  one  end,  and  20  in.  to  24  in.  at  the  other.  The 
height  of  the  sides  varies  from  8  in.  to  24  in.,  according  to  the 
kind  of  material  to  be  used  in  it.  The  narrow  end  of  one  box 
tits  into  the  wide  end  of  the  other.  The  length  of  the  sluice  is 
estimated  in  boxes ;  it  should  not  be  less  than  50  ft.  long,  and 
often  consists  of  hundreds  of  boxes  put  together  supported  on 
lough  trestles.  The  inclination  is  regulated  according  to  the 
necessities  of  the  case,  and  is  called  the  “grade.”  It  is  given  in 
inches,  as  “a  12-in.  grade,”  which  always  has  reference  to  the 
box.  It  is  usually  8  in.  for  a  minimum  and  80  in.  for  a  maxi¬ 
mum  in  12  ft.,  or  the  length  of  a  box.  It  is  generally  uniform, 
>ut  sometimes  is  made  to  conform  somewhat  to  the  lay  of  the 
ground.  The  tougher  the  dirt,  the  longer  and  steeper  the  sluice 

^  tl  lclP^  Ascent  the  dirt  is  also  much  more  easily 
separated  but  the  greater  is  the  loss  in  gold.  The  boards  are  net 

woa/°Uf  ,°n  ,  ,  b°tl0m  “d  5i<fca'  *°  P^ent  too  rapid 

,  ‘  ”  a'f°  ‘°  hc‘P  10  ““eh  ‘he  gold,  strips  of  wood  arc 

^ed.r:!?”b0ttomOtth' Neither  in  the  direction  of  its 


length,  which  is  most  usual 


oi  across  it.  These  pieces  of  wood 


« .Tw  fT *  "*■ 

The  riffles  are  wedged  in  so  that '  tl  ^  ^  S°  in  *  sMCe' 
a  clean-up  or  for  repairs.  The  1  ^  b*  °aSlly  removed  for 

with  a  screen  of  reet-m  l  .°. tom  ea<dl  ^,ox  is  thus  filled 

distance  between  the  rifflel  ^ Wluch  are  the  width  of  the 
Here  the  quicksilver  which  i’s  lt  their  len8th  and  dePth- 
rests  and  catches  the  rr0ld  u  •  ,m  tlle  head  of  sluice 
current.  The  water  ts  eener  lT"  *  ^  tb°  111016  or  ^ess  raPid 
the  riffles.  The  paydirt  is  ft  7  ““I*6  t0  rUn  2  ia  decP  over 
dirt,  which  is  always  poor  „  ”  °'Vn  m  with  Novels.  The  first 
the  riffles  The  water  rusbin  S  °  ^  UP  ^le  sPaces  between 
and  clay,  the  sand  and’  "ravel  ,  T*  tWs’  washes  out  the  earth 

is  added  until  after  the°sluic  ’  C  Cn  ^  ^  N°  ““ 7 

“  ‘S  th“  P"4  ‘ho  head  and  feds  T"'^  ^  tva  h°^ 

lts  way  down  the  sluice, 


Ground  Sluice. 
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most  of  it  being  caught  not  far  from  where  it  is  put  in.  One 
man  can  throw  in  from  two  to  five  cubic  yards  of  dirt  a  day.  The 
number  of  men  that  can  work  depends  on  the  length  of  the  sluice 
and  the  lay  of  the  ground.  Sometimes  when  the  earth  to  be 
washed  contains  large  stones,  an  undercurrent  is  used.  The 
end  of  the  sluice  is  then  open.  It  terminates  with  a  grating  of 
iron  bars  long  enough  to  allow'  all  the  water  to  pass  with  the 
fine  material  through  the  grating,  but  allows  the  stones  to  roll 
out  on  the  ground.  The  whole  of  the  water  and  dirt  is  caught 
in  a  short  sluice  below'  and  discharged  into  one  parallel  with  the 
main  sluice,  which  is  thus  continued.  This  undercurrent,  though 
sometime  used  with  the  ordinary  sluice,  is  an  indispensable  part 
of  the  plant  for  hydraulic  mining.  The  sluice  is  simple  in  con¬ 
struction  and  use,  requires  but  little  outlay  of  capital,  and  is 
very  effective.  Unlike  the  outlays  usually  made  in  mining,  the 
whole  of  the  plant  in  use  can  be  readily  taken  down  and  trans¬ 
ported  to  another  claim  when  the  first  is  washed  out,  and  set  up 
there  as  effectively  as  if  it  were  new.  There  is  one  precaution 
that  must  be  taken  with  it,  which  is  that  lumps  of  clay  must 
not  be  allowed  to  travel  along  it  without  being  broken  up,  for 
they  are  liable  to  pick  up  the  gold  as  they  roll  and  carry  it  off 
with  them. 

Getting  the  amalgam  out  of  the  sluice  is  called  cleaning-up, 
and  the  time  between  one  clean-up  and  another  is  called  a  run. 
The  length  of  a  run  will  depend  on  the  richness  of  the  deposit, 
but  is  usually  from  six  days  to  two  weeks,  occasionally  longer. 
A  clean-up  occupies  about  half  a  day,  and  is  usually  done  on 
Sunday.  To  do  this  the  water  is  allowed  to  run  after  the  dirt 
is  no  longer  thrown  in,  until  it  is  quite  clear  ;  six  or  eight  sets 
of  riffle  bars  are  then  taken  out  at  the  head  of  the  sluice,  and 
the  material  washed  down,  while  the  amalgam  is  caught  at  the 
head  of  the  next  riffles.  This  is  taken  out.  The  next  set  of 
riffles  are  then  taken  out,  and  so  on.  The  excess  of  mercury  is 
strained  from  the  amalgam  by  twisting  it  in  a  buckskin  bag,  and 
the  rest  is  driven  off  by  heat. 
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HYDRAULIC  MINING. 


For  many  years  tlie  sluice  was  used  to  work  nearly  the  whole 
of  the  placer  gold  of  the  country,  and  it  is  still  the  most  available 
way  for  persons  of  small  capital  to  treat  the  shallow  placer 
deposits.  It  must  always  be  looked  upon  as  a  process  of  great 
historical  interest,  for  out  of  it  hydraulic  mining  grew,  which 
is  one  of  the  most  marvellous  achievements  of  modern  engineering 
skill,  to  which  the  State  of  California  is  more  indebted  than  to 
all  other  inventions  of  mining  and  metallurgy  put  together. 
There  are  localities  where  poor,  shallow  placers  are  found, 
where  water  is  scarce  during  most  of  the  year,  but  abundant  at 
certain  seasons,  and  where  the  grades  are  heavy.  For  these 
placers  another  sluice  was  used,  known  as  the  ditch  or  ground 
sluice.  A  small  ditch  is  cut  through  the  placer  and  the  water 
turned  into  it,  the  first  object  being  to  deepen  and  enlarge  the 
ditch  to  the  proper  size.  When  this  has  been  accomplished,  the 
banks  are  pried  into  the  stream.  No  mercury  is  used,  but 
cobble-stones  are  thrown  into  the  bottom  of  the  ditch  so  that 
the  gold  may  settle  between  them.  The  effort  is  to  con¬ 
centrate  the  gold  in  the  dirt  and  then  work  it  up  in  a  short 
board  sluice. 

Ihesc  two  methods,  the  board  and  the  ground  sluice,  put 

together,  were  the  germs  of  hydraulic  mining  now  so  extensively 

used  in  all  parts  of  the  world,  not  only  for  gold  mining,  but 

for  the  removal  of  dirt  and  for  washing  other  ores.  It  appears 

sin0ulai  that  the  name  of  the  man  who  really  invented  the 

most  remarkable  process  of  this  century  should  be  as  lost  to 

history  as  if  he  had  never  existed;  but  in  the  struggle  for 

existence,  as  the  shallow  placers  grew  poorer  and  poorer,  and  the 

gold  was  found  at  constantly  increasing  depths,  the  man  was  lost 

;  "hl1®  hu  w®rk  has  n<)W  W  so  perfected  that  it  is  one 

canit  il  U  tVT  S  °  the  T°n  °f  modern  engineering  skill  with 

sorin'-,  of  tl  PV0Cr  °f  iydraulic  mininS  'vas  invented  in  the 
•spang  of  the  year  1852,  on  the  Yankee  Jim  claim  in  Placer  Co., 


Beach  Mining. 
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California,  where  an  enterprising  miner,  finding  that  he  was  not 
making  sufficient  money,  began  working  his  claim  with  a  shallow 
ditch  in  the  side  of  a  hill  leading  to  an  ordinary  barrel,  from  the 
bottom  of  which  a  cowhide  hose  was  carried  and  discharged  by 
means  of  a  tin  pipe  against  the  bank,  and  he  thus  became  the 
father  of  one  of  the  greatest  of  modern  inventions,  hydraulic 
mining. 

There  is  another  kind  of  placer  which  deserves  notice,  both 
because  it  is  interesting  in  itself  and  because  it  has  been  the 
source  of  disappointment  and  loss  to  so  many.  This  is  the 
beach  gold,  which  occurs  between  Point  Mendocino  in  Northern 
California  and  the  mouth  of  the  Umpqua  River  in  Southern 
Oregon.  The  cliffs  along  the  ocean  front  seem  to  be  the  remains 
of  an  ancient  river  deposit.  They  contain  gold,  and  where 
washed  by  the  waves  often  show  the  shore  for  miles  glittering 
with  it.  It  is  very  uncertain,  however,  for  what  appears  to-day 
is  either  washed  away  or  deeply  buried  in  the  sand  to-morrow. 
No  dependence  can  be  placed  on  finding  in  the  morning  the 
deposit  of  the  day  before,  so  that  all  haste  is  made  to  carry  the 
sands  which  are  rich  enough  to  some  safe  place  inland  to  be 
washed  and  amalgamated.  The  beach  is  very  narrow,  and  when 
the  waves  are  high  they  wash  against  the  bank.  The  gold  is 
washed  out  with  the  heavy  sand,  and  as  the  particles  are  very 
fine,  it  is  carried  down  to  near  the  low-water  mark.  When 
the  ocean  is  still,  sands  of  variable  richness  can  be  collected, 
but  the  waves  are  often  so  high  as  to  wash  all  the  sand 
away  to  the  depth  sometimes  of  6  ft.,  and  leave  the  bare  rocks 
exposed.  So  changing  and  shifting  is  the  value  of  the  deposit 
that  it  has  to  be  examined  every  day,  and  the  washing  of  the 
following  day  may  sometimes  be  six  miles  from  that  of  the 
previous  one.  Such  sands  as  these  must  be  very  rich  to  make 
it  possible  to  run  the  risk  of  working  them  and  to  bear  the 
transportation  to  fresh  water,  as  salt  water  is  of  too  high  a 
specific  gravity  to  work  with,  for  which  reason  the  attempt  to 
work  these  deposits  by  dredging  has  not  been  successful.  It  has 
been  proposed  to  bring  water  from  a  distance  and  turn  these 
mines  into  hydraulic  placers  washing  down  the  banks,  and 
depending  on  them  for  their  profit,  leaving  the  beach  sands  as  an 
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accessory.  The  tails  would  not  then  be  a  question  of  importance, 
but  the  economic  results  of  such  an  enterprise  would  be  very 
doubtful. 

After  the  introduction  of  sluicing  either  on  a  large  or  small 
scale,  the  pan,  the  cradle,  and  the  rocker  were  very  rapidly 
abandoned  to  John  Chinaman,  who  always  succeeded  in  livino- 
off  the  placers  that  had  been  abandoned  by  the  “  honest  miner,” 
who,  however,  never  had  any  compunction,  if  he  found  the 
Chinamen  were  tolerably  prosperous,  in  “jumping  ”  their  claims 
and  driving  poor  John  off  to  find  some  other  place  for  his  enter¬ 
prise  and  cheap  labour. 


From  very  rich  shallow  placer  deposits  which  when  worked 
in  a  small  way  often  yielded  hundreds  of  dollars  a  day,  by  a 
gradual  decrease  stretching  over  a  period  of  from  fifteen  to 
twenty  years,  the  gold  became  scarcer  and  scarcer,  until  now  it 
has  become  necessary  with  improved  appliances  to  work  in  the 

deep  placers,  material  which  contains  from  3  cents  to  -Si. 25  per 
cubic  yard.* 

~  ?  kettei  c\  idence  of  the  progress  that  has  been  made  in  the 

+1  '  nf  ?  placei  claims  can  be  had  than  the  comparison  of 

the  cost  of  working  them  by  the  older  and  by  the  more  recent 
prow  Adopting  four  dollars  per  day  as  the  wages  of  a 

“Sjir  °f  WOrking  a  -  ^-el  as 


With  the  pan 
•n  rocker 

»>  long  Tom... 

”  hydraulic  process 


820.00 

5.00 

1.00 

.02 


sistedof  a  pick,  shove/ a  h  by  a  miner  con 

hands,  and  a  valiant  helrt  -°hutantthP0°T  &  P&n’  tw°  st°U 

this  capital  was  no  lono-er  suffiff  ?  min6S  greW  poore 

stood  that  such  capital  as  wo  ^  U  Can  readilF  be  under 
1  as  was  required  in  the  early  days  did  no. 

In  the  spring  of  1880  T 

Bloomfield  Mining  Company  by  tIle  Resident  of  the  Nortl 

containing  only  three  cents  to  t  h  e  W  WorkinS  with  a  profit  gravel 

was  considered  a  marvel  to  he  able  to  a  few  years  ago  it 

la  yielded  ten  cents. 
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necessitate  any  permanent  location  nor  any  very  high  order  of 
intelligence  for  its  use,  and  hence  much  of  the  surface  was  duo- 
over  and  simply  rendered  difficult  to  work  further  without 
extracting  more  than  a  tithe  of  the  wealth  contained  in  the 
ground,  merely  because  the  miner  had  no  permanent  interest  in 
one  spot  more  than  another,  and  because  his  capital  was  entirely 
a  rolling  and  not  an  invested  one.  Every  man  then  was  in 
business  for  himself  on  the  spot  where  he  could  find  the  most 
pay,  but  as  the  gold  grew  scarcer,  experience  first,  and  then 
intelligence  and  capital,  became  factors  in  the  equation,  so  that 
the  capital  required  to  work  any  one  of  these  claims  became 
larger  and  larger,  until  to-day  it  is  estimated  that  the  plant  of 
the  North  Bloomfield  Mining  Company  has  cost  not  less  than 
83,000,000,  and  these  works  are  marvels  both  for  the  originality 
and  engineering  ability  displayed,  consisting  of  dams  90  ft.  to 
100  ft.  high,  ditches,  pipes,  and  sluices  many  miles  in  length,  and 
every  hydraulic  appliance  which  engineering  skill  and  capital 
can  add  to  their  works. 

These  deep  placers  are  the  deposits  formed  in  the  beds  of 
ancient  rivers,  which  have  since  been  so  covered  by  recent 
accumulations,  or  cut  across  by  modern  valleys  of  erosion,  that 
without  a  careful  survey  no  one  could  recognise  that  table-lands 
twenty  miles  distant  were  parts  of  the  same  ancient  river  deposit. 
In  some  cases  the  gold-bearing  material  has  been  covered  by  beds 
of  basalt  150  ft.  thick.*  In  many  cases  the  erosion  has  been 
such  that  the  bed  of  the  old  river  is  now  100  ft.  or  even  200  ft. 
above  the  surrounding  country. 

To  work  these  deposits,  careful  surveys  of  the  whole  country 
must  he  made  so  as  to  he  ahle  to  reach  with  a  tunnel  the  lowest 
point  of  the  bed-rock,  which  must  be  determined  by  sinking 
shafts  upon  it.  The  cost  of  this  preliminary  work  may  often  be 
less  than  8100,000,  and  instances  have  been  known  where 
from  want  of  proper  judgment  in  the  outset  the  whole  of  this 
sum  has  been  lost.  The  location  of  the  tunnel  must  be  such 
that  the  pay  dirt  can  be  washed  through  it,  anil  that  it  may 
form  an  outlet  for  all  the  material  which  is  deposited  after  the 

.  *  A  map  of  the  basalt-capped  deposits  of  the  North  Bloomfield  Company 
18  glven  ^  the  Report  of  the  U.S.  Mining  Commissioner  for  1875,  p.  llfi- 

^  OL.  I,  rj 
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extraction  of  the  gold.  Its  construction  involves  the  buildino- 
of  miles  of  sluices  to  catch  the  gold  and  carry  the  dirt  away ; 
the  damming  of  streams  to  save  the  winter’s  water  supply ;  the 
storing  up  of  billions  of  gallons,  and  conducting  it  in  ditches, 
ilumes,  and  wrought-iron  pipes,  sometimes  forty,  fifty,  or  even 
a  hundred  miles  in  length,  the  ditches  alone  costing  in  some 
cases  from  half  a  million  to  a  million  of  dollars,  and  involving 
constructions  which  are  marvels  of  lightness,  strength,  and 
engineering  skill.  The  following  table*  gives  a  fair  idea  of  the 
size  and  cost  of  the  ditches  in  California : 


Length. 

Miles. 

Capacity 

Size  in 

Feet. 

in 

Grade. 

Cost. 

— 

Miner’s 

Feet 

Bot¬ 

tom. 

Inches. 

per  Mile. 

Top- 

Depth. 

i 

Smartsville  ditches  . 
Eureka  Lake  and  Yuba 

5,000 

9 

8 

5 

4 

3 

1,000,000 

ditches  .... 
N.  Bloomfield  ditches  and 

163 

5,S00 

... 

... 

... 

... 

723,342 

reservoirs 

South  Yuba  ditches  . 
Milton  ditches  and  reser¬ 

157 

123 

3,200 

7,000 

12  to  16 
3  to  13 

Si 

6 

5 

3J 

4  to  5 

708,841 

voirs  .... 
Spring  Valley  and  Che- 

80 

3,000 

12  to  15 

6 

4 

3  h 

391,575 

rokee  .... 
Hendricks 

Blue  Tent .... 
La  Grange 

52 

40.4 

32  ~ 

20 

2,000 

IS, boo 
27,000 

6  to  12 
10 

7  to  8 

5 

5 

8 

9 

6 

6 

3  h 

2 

4 

4 

136,150 

150,000 

500,000 

Tins  water  is  discharged  through  iron  nozzles  with  a  velocity  of 
50  t.  pei  second,  and  at  the  rate  in  some  instances,  of  4,220,000 

Qnn  1  ^V11  tWCnty'f0Ur  hours’  against  a  bank  from  250  ft.  to 
U°  ’ an^  "  ashes  the  earth  into  wooden  sluices  paved  with 
rock  or  wood.  To  make  the  action  of  the  water  more  effective, 
ic  >an  c  is  mined  and  fired,  single  blasts  of  from  1500  to  2000 
kegs  of  powder  being  made. 

1  on  if  ^1C  ^ank  must  come  down,  huge  cranes  with 

t  Yf*  ?ng1Y°rked  hur(1y-gurdy  water-wheels  are  set 
up  lift  the  boulders,  undercurrents  to  catch  the  gold,  grislies 

wlh^on"<1881Pr0dUCti0n  °f  G°ld  and  SUver  in  the  United  S^eS,”  p.  318. 
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show  that  the  immense  outlay  is  fully  justified. 


The  gold  is  caught  in  mercury,  put  into  the  sluices  between 
the  pavement  and  riffles.  The  greatest  difficulty  is  not  so  much 
to  catch  the  gold  as  to  get  rid  of  the  tailings  or  material  that 
has  been  treated.  This  involves  the  construction  of  miles  of 
tail-sluices  and  the  destruction  of  land  and  of  streams  by  deposit¬ 
ing  on  and  in  them  stones  and  sand  to  great  depths,  but  it  saves 
or  the  use  of  the  country  the  very  large  amounts  of  gold  de 
posited  in  exceedingly  small  quantities  in  the  ancient  river-beds 
o  California.  No  one  who  has  not  visited  these  mines  can  have 
anj  idea  of  the  devastation  produced  by  this  washing  away  of 
hundreds  of  acres  of  surface  and  hundreds  of  feet  in  depth  of 
the  ground  of  these  gold-bearing  districts.  It  will  be  many 
years  before  this  question  of  local  land  devastation  will  need  to 
be  considered,  but  the  filling  up  of  the  rivers  and  streams  is 
engaging  attention  now. 


The  cost  of  produciiv 
below  :* 


g  one  Troy  ounce  of  metal  is  given 


La  Grange  Co,  No.  Bloomfield  Co. 


Water 
Labour 
Materials 
Explosives  ... 
Blocks  and  lumber  . 
General  expenses 
Contingent  expenses 
Taxes  ... 


§ 

1.43 

6.85 

1.81 


§ 

2.09 

3.93 

0.88 

0.98 

0.50 

0.70 


0.94 

0.26 

0.09 


Total .  11.38 


9.08 


*  The  value  of  the  metal  was  §18.53  per  ounce. 

c  2 
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Cost  of  Hydraulic  Mining. 

The  height  of  the  hank  washed  down  and  the  yield  for  several 
mines  is  given  below  :* 


Smartsville  Claims,  Yuba  Co. 
Blue  Tent,  Nevada  Co. 

North  Bloomfield,  Nevada  Co. 
Gold  Run,  Placer  Co.  '  ... 
Columbia  Hill,  Milton  Co.  ... 
La  Grange,  Stanislaus  Co.  ... 
Patricksville,  Stanislaus  Co... 
Dardanelles,  Placer  Co. 


Height  of  Bank 
in  Feet. 

112 

180 

..  180  to  2G0 
200 
100 

18  to  100 
40  to  60 
150 


Yield' 

per  Cubic  Yard 
in  Cents. 
19.5 
15 

4  to  6.5 
4.8 
4.33 

2.5  to  15.5 
4.33  to  18.5 
13 


The  cost  and  yield  per  cubic 
given  below : 


Roach  Hill 
Richardson 
Iowa  Hill... 
Independence 
Wisconsin 


yard  of  some  of  the  mines  is 


Cost.  Yield. 

9  8 

0.6  0.60 

0.03  0.15 

0.025  0.71 

0.02  0.25 

0.02  0.125 


The  cowhide  hose  used  at  first  soon  became  rotten  and  hurst. 
This  was  succeeded  by  one  made  of  heavy  duck  from  4  in.  to 

of  ‘tlm“r-  oS  r*  “ade  SOmetimes  of  “"ft  sometimes 

ZJ2  T*  “  ',0Se  WiU  W  *  P'^ure  of  50  ft., 

o  mote.  To  make  it  stronger  it  was  surrounded  by  iron 

rings  2  in.  wide  and  3  in.  apart,  which  were  held  in  position  bv 

four  ropes  distributed  evenly  in  the  diameter.  Such  a  pipe  was 

to  aio^rr  thosecd  'vouM  snpport  a  hcad  °f  f™"  «■ 

,  .  ‘  .  wa  ei*  This  was  subsequently  abandoned  for  the 

USa  The  Pr°fits  ef  kM 

^XCf:z0rzz\on^yKii  ot  the  paydirt 

%  - 

poorer  gravel  with  a  profit  than  one  less  advantageously  pZd 
Washingto^d1881Pr°dUCtl0n  °f  G°ldand  Silverin  the  United  States,”  p.  318. 
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Old  Mexican  Rock  Breaker.— Fig. 


Gold  Quartz.  Crushing  Gold  Rock. 
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TREATMENT  OF  GOLD  QUARTZ. 

As  the  placers  grew  poorer  and  the  search  for  other  sources 
of  gold  became  active,  the  prospectors  soon  found  gold  in  veins, 
and  these  were  then  explored  and  worked.  It  was  usually  found 
in  a  hard  rock  which  was  ascertained  to  be  quartz,  but  when  it 
was  afterwards  discovered  in  other  rocks  no  attention  was  paid 
to  the  correct  name  of  the  stone.  The  gangue  of  the  gold  was 
always  called  “  the  quartz,"  no  matter  how  hard  or  how  soft 
the  rock  was,  or  what  its  chemical  composition  might  be ;  the 
“  (luartz/’  if  it  was  quartz,  was  said  to  be  hard,  if  it  was  slate  it 
was  said  to  be  soft.  To  “ get”  the  vein  rock  required  capital 
and  a  much  higher  degree-  of  skill  than  had  as  yet  been  required 
for  the  working  of  the  shallow  placers.  Deep  quartz  mining 
could  not  be  carried  on  by  individuals,  and  mining  companies 
w  ere  formed  to  mine  the  quartz  and  separate  the  gold.  At  first 
these  wrere  all  undoubtedly  legitimate  enterprises,  but  it  was  not 
long  before  some  men  found,  or  thought  they  found,  a  more  ex¬ 
peditious  road  to  wealth  in  mining  shares  than  in  mining  quartz 
a  practice  which  very  soon  brought  discredit  on  all  kinds  of 
enterprises  in  the  Western  States  and  Territories. 

To  get  the  gold  out  of  the  vein  rock  it  had  to  be  crushed. 
This  was  done,  in  the  very  early  days  before  mining  companies 
were  known,  with  a  large  rock  bound  to  a  pole  supported  on  a 
crutch  so  as  to  have  a  long  purchase,  Fig.  1.  The  rock  wras  raised 
by  one  man  and  allowred  to  fall  on  the  ore,  wdiile  another  kept  the 
pieces  of  ore  from  flying  away  with  a  stick  of  w^ood.  It  wras  not 
long  before  this  rude  Mexican  hand  labour  was  replaced  by  the 
arastra,  which  was  a  hearth  or  bed  of  uncut  stones  arranged  in 
a  circle  from  10  ft.  to  20  ft.  in  diameter,  with  a  curbing  2  ft 
deep  on  the  inside,  over  which  large  stones  wTere  dragged  by  a 
-single  mule.  It  was  necessary  to  run  this  machine  for  at  least 
a  wreek,  and  sometimes  for  twro  or  even  three  times  as  long,  to 
make  it  worth  while  to  clean  up,  Fig.  2.  The  joints  between  the 
stones  were  so  open  that  the  mercury  and  amalgam  settled  dow  n 
between  them  so  that  the  wrhole  bed  had  to  be  dug  up,  the  earth 
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Arastra  and  Chilian  Mill. 


carefully  collected  and  washed,  and  the  hearth  replaced  before 
a  new  charge  could  be  made.  The  hearth  was  then  improved 
by  making  it  of  cut  stones  with  very  close-fitting  joints  laid 
in  cement.  To  the  upright  part  one  arm  or  two  arms  at  right 
angles  to  the  diameter  of  the  bed  were  attached,  and  to  each  end 
of  the  arms  stones  weighing  from  400  IK  to  500  lb.  were  fastened 
by  chains  so  that  the  forward  end  was  about  2  in.  above  the 
hearth  while  the  other  end  dragged  on  it.  One  mule  was  counted 
for  each  stone,  so  that  there  were  one  or  two-mule  arastras.  To 
make  the  charge  for  an  arastra  10  ft.  in  diameter,  500  lb.  of 
quartz  broken  by  hand  to  the  size  of  a  pigeon’s  egg  was  put  in, 
and  the  mules  driven  for  four  or  five  hours.  Water  is  intro¬ 
duced  to  make  a  paste  of  the  consistency  of  cream,  and  then 
quicksilver  is  added  and  the  mule  driven  for  two  hours  more, 
he  paste  is  now  thinned  with  water,  the  mule  driven  slowly  for 
a  an  horn,  the  mud  is  run  off,  and  another  charge  introduced, 
r  our  charges  can  be  made  in  twenty-four  hours,  but  two  are  ge¬ 
nerally  all  that  are  made,  so  that  half  a  ton  per  day  is  about  the 
im  o  capacity  of  a  10-ft.  arastra.  The  clean-ups  are  easily  and 
itquui  y  made,  so  that  this  machine  is  a  much  better  one  than 
the  first,  which  was  built  for  very  rude  work 

It  is  quite  easy  t„  see  from  this  description  where  the  idca  0f 

aDnliZ  TT1101;  10I'i«inateA  11  tat  a  few  mechanical 

uwd  Th  ,  ‘°  h‘Ve  the  descriP«<»  of  the  pan  as  now 

Tthino  L  m!S  S““  USed  in  «"d  as  it  cost,  next  to 

principle  on  which  tif,  co’  t^t  1  *  pr0Sf>CctinS  tooL  The 
orindino  nerfcct  I.  •  nstiucted  is  an  excellent  one,  the 

but  is  too  slow  for  usfwhere  iT  Pei“ntage  of  the  ““y  '’“lue- 
The  Chilian  mill  v ••  o  ai®°  Tuantities  are  to  be  treated. 

sists  of  a  circular  bedBke  th*  U5"'  ak°Ut  the  SO“e  time'  anJ  COn' 
one  or  two  lar^  cht  ‘I'6,™*1'”,  tat  the  ore  is  crushed  by 

of  cast  iron,  which  roll  a  wlieels  matle  either  of  stone  or 

is  often  used!  i  UUd  ""  edSes-  The  Chilian  mill 

arastra.  Used  alone  if1-6  01 G  previous  to  the  treatment  in  the 
docs  -t  do  its  thG  araStm’and 

eager  and  impatient  miner  found  thaft^  ^  bef°re  ^ 

and  of  the  Chilian  mill  was  not  c  m  ^  Capacifc)’  of  the  arastra 
"as  not  sufficient  for  the  profit  which  he 


Fro.  2.  Mexican  Arrastra  for  Grinding  Ores. 


Flu.  3.  Old  Chilian  Mill. 
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Stamps. 

wished  to  get  out  of  his  ore,  and  he  looked  to  some  of  the  crush¬ 
ing  machines  used  m  Europe  to  increase  the  capacity  of  his  mill 
and  at  the  same  time  his  hoped-for  profit.  The  stamp-mill 
seemed  the  only  one  likely  to  be  of  use,  and  this  was  adopted. 

lere  were  then  but  few  mines  whose  output  would  justify  the 
erection  of  stamps,  but  where  it  would  do  so  they  were  built.  In 
other  cases  the  miners  were  obliged  to  depend  either  on  the 
stamps  of  some  neighbouring  mine  being  sufficiently  at  leisure  to 
do  other  work  than  their  own,  or  to  mills  being  erected  inde¬ 
pendently  of  the  mines  to  do  whatever  work  was  brought  to 
them.  To  distinguish  such  mills  from  the  others  they  were 
called  custom  mills.”  They  worked  for  everybody  and  at  a 
fixed  price,  reserving  the  tails  for  themselves,  which  they  usually 
took  care  should  be  rich. 

The  lumbering  German  stamp,  with  its  wooden  stems  8  in. 
square,  its  complicated  and  cumbersome  cam  shaft,  and  its 
inefficient  mortar,  was  first  built.  Then  some  Cornishmen 
suooesfe(l  the  idea  of  the  Cornish  stamp,  which,  with  its  rectan¬ 
gular  iron  stems  but  inefficient  mortar,  was  quickly  put  up,  and 
'was  for  a  short  time  such  an  improvement  that  it  was  con¬ 
sidered  to  be  the  ultima  thuZe  of  crushing.  This  gradually 
grew  into  the  rotating  California  stamp  and  its  adjunct  the 
Blake  s  crusher,  with  its  increased  capacity  and  much  better 
mechanical  appliances,  which  is  now  almost  exclusively  used  in 
California.  The  stamp  with  its  head  weighs  from  500  lb.  to 
1000  lb.  Its  capacity  is,  for  very  hard  rock  H  tons,  and  for 
^  erT  so^  r°ck  4  tons,  in  twenty-four  hours.  The  average  will 
be  about  2  tons.  It  is  built  in  batteries  of  five  stamps  each,  so 
that  each  battery  may  be  counted  for  10  tons  in  twenty-four 
hours  a  capacity  which,  considering  the  cost,  is  very  limited. 
It  is  in  universal  use  in  California,  where  no  other  means  of 
crushing  has  been,  until  within  a  few  months,  able  to  compete 
'with  it.  In  other  parts  of  the  country  it  has  grown  into  the 
Ball  s  stamp,  a  very  large  and  heavy  rotating  stamp,  in  which 
t  e  force  of  the  blow  is  increased  by  the  pressure  of  steam  to 
such  an  extent  that  a  single  machine  with  one  stamp-head  is 
capable  of  crushing  110  tons  of  the  hardest  rock  in  twenty-four 
muix,  and  thus  a  single  machine  becomes  equal  in  effectiveness 


26  Battery  Sluices. 

to  a  60-stamp  mill,  which  is  the  size  of  some  of  the  largest  mills 
in  the  West.  No  investigation  has  yet  been  made  to  ascertain 
the  comparative  efficiency  of  the  use  of  power  in  these  two 
machines.  The  Cornish,  California,  and  Ball  stamp  are  working 
side  by  side  on  Lake  Superior,  and  it  is  to  be  hoped  that  experi¬ 
ments  to  settle  the  question  of  efficiency  will  be  made.  Since 
the  leaching  processes  are  becoming  so  generally  introduced, 
great  attention  is  being  paid  to  the  use  of  steel  rolls.  They 
have  been  used  with  very  great  success  in  a  number  of  mills. 
Their  small  cost,  great  output,  and  settled  efficiency  in  all 
cases  where  coarse  crushing  has  been  required  for  leaching 
purposes,  has  led  to  their  use  for  fine  crushing  in  which  for 
purposes  of  amalgamation  they  seem  to  answer  all  the  requiie- 
ments.  A  well-constructed  pair  of  26  in.  rolls  is  equal  in  effi¬ 
ciency  to  a  50-stamp  mill,  crushing  through  a  40  screen.  There 
are  several  other  crushing  machines  which  have  lately  been 
introduced,  but  none  of  them  have  been  fully  tested,  though  some 
of  them  seem  to  be  of  great  promise. 

But  it  was  not  sufficient  to  crush  the  rock,  the  whole  bulk  of 
the  crushed  material  had  to  pass  over  or  through  mercury  in 
order  to  extract  the  gold  and  silver  ;  and  the  quantity7  of  this 
rock  was  so  large  that  it  produced  losses  in  mercury7  so  great 
as  seriously  to  diminish  the  profits.  Amalgamated  plates  and 
some  free  mercury  were  placed  in  the  mortar,  but  these,  unless 
the  pieces  of  gold  were  large,  could  never  catch  more  than 
80  per  cent,  of  it,  and  when  the  pieces  were  small  not  more 
than  70  per  cent.  If  the  gold  is  associated  with  silver  as  in  some 
of  the  Nevada  mines,  but  very  little  of  it  is  caught  in  the  mortal, 
and  the  amalgam  produced  is  so  light  and  spongyr  that  it  is  liable 
to  be  carried  off :  so  that  where  sold  ores  contain  much  silvei, 
lead,  or  antiinonyr,  battery-  amalgamation  is  unadvisable.  There 
are  many  gold-mills  where  it  is  never  used,  though  some  of  the 
best  conducted  ones  do  use  it.  There  must  therefore  be  a  sluice 
at  the  end  of  the  splash-box  to  catch  the  fine  particles  coming 
from  the  mortar.  The  sluice  is  thus,  as  an  appendage  to  the 
battery,  as  important  as  the  battery  itself.  It  serves  a  very 
different  purpose  from  the  placer-sluice,  where  the  dirt  is  to  be 
transported,  the  clay  broken  up,  and  the  stones  carried  along  s0 


Tails. 
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“  !°  al‘°"'  8°ld  ‘ke  mercury  k  The  batlcry- 

elcce  has  neither  to  del  with  alone.,  dirt,  nor  day,  lot  only 

with  crushed  ore.  It  has  to  treat  much  ley,  material  it  i 
therefore  much  shallower  and  has  a  lower  grade.  When  the 
ore  contains  copper  and  iron  pyrites,  these  can  by  proper  treat¬ 
ment  be  concentrated  by  it  and  saved.  These  battery-sluices  are 
used  with  amalgamated  copper  plates  with  transverse  riffles  in 
which  mercury  is  placed,  and  with  the  different  kinds  of  blankets. 
Great  attention  is  being  given  just  now  to  iron  riffles,  not  only 
for  battery  but  for  placer  sluices.  The  experiments  made  give 
reason  to  hope  for  a  great  saving  of  the  precious  metals  by  their 
use  wherever  sluices  are  used.  In  some  localities  the  battery- 
sluice  is  used  in  connection  with  such  machines  as  the  Attwood’s 
amalgamator  and  the  Eureka  Rubber,  but  the  tails  are  still  rich. 
Some  one  suggested  the  use  of  cowhide  with  the  hair  on  and  the 


grain  of  the  hair  turned  against  the  current,  over  which  the  tails 
were  allowed  to  flow  in  order  to  catch  the  heavy  materials,  while 
the  lighter  ones  were  canied  off  by  the  stream  ;  and  out  of  this 
grew  all  the  different  styles  of  stationary  and  revolving  blanket- 
sluices.  Still  the  tails  showed  by  assay  that  they  were  rich,  and 
it  was  then  found  that  the  gold  was  contained  in  iron  pyrites. 
It  is  very  remarkable  that  at  this  period  when  Mexicans  with 
their  arastras  and  slow  but  extremely  simple  processes  could 
make  $50  to  8G0  a  day,  the  best  stamp-mills  with  the  most 
efficient  machinery,  working  on  the  same  rock  from  the  same 
vein  could  not  recover  from  the  same  ore  more  than  815  to 
$20.  In  some  instances,  with  the  best  modern  machinery  an  ore 
yielding  by  assay  8700  to  8800  in  gold  did  not  yield  more  than 
$20  to  830  when  stamped  and  treated  with  the  usual  modern 
appliances.  The  slower  but  more  perfect  process  of  the  arastra 
had  brought  the  pyrites  into  such  a  fine  state  of  division,  and  had 
by  constant  abrasion  of  the  stone  rubbed  it  so  bright,  that  the 
“  quick  ”  took  it  up,  while  the  more  rapid  process  of  the  stamp  did 
not.  As  soon  as  it  was  thoroughly  understood  that  the  pyrites  con¬ 
tained  the  gold,  concentrators  of  different  kinds,  with  or  without 
buddies  or  keeves,  were  used  to  catch  it,  as  no  smelting  process 
could  be  used  in  the  localities  where  the  pyrites  was  found,  and 
the  gold  in  the  pyrites  could  not  be  separated  with  mercury. 
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Losses  of  Gobi . 


The  tails  are  therefore  generally  kept  to  be  put  through  a 
series  of  concentrating  machines  whose  object  it  is  to  catch  the 
pyrites  and  possibly  some  amalgam,  but  which  save  none  of  the 
gold  which  has  escaped  as  float.  It  is  a  question  of  grave  im¬ 
portance  how  this  gold  may  be  caught,  or,  better,  how  to  prevent 
its  getting  into  the  condition  in  which  it  cannot  be  caught.  The 
miners  call  the  gold  that  escapes  the  mercury,  “float”  and  “rusty” 
gold.  That  some  gold  exists  in  the  ore  in  such  fine  particles  that 
it  will  float  seems  undoubted  ;  against  this  there  is  no  remedy.  It 
is  also  true  that  the  heavy  stamp  falling  on  the  ore  does  make 
float-gold  of  some  of  the  precious  metal  not  in  that  state  in  the 
ore,  but  this  is  not  the  principal  source  of  loss.  If  a  piece  of  pure 
gold,  which  amalgamates  readily,  is  pounded  with  a  hammer  on 
a  clean  smooth  anvil,  it  is  very  soon  put  into  the  condition  in 
which  mercury  will  not  touch  it.  I  have  had  such  a  piece  of 
gold  in  contact  with  mercury  for  more  than  a  week  without 
amalgamation.  From  this  condition  the  gold  can  readily  be  re¬ 
covered  in  the  laboratory,  but  it  is  doubtful  if  it  can  be  saved  in 
the  mill.  Something  must  be  done  to  avoid  it,  as  there  seems  to 
be  no  doubt  that  some  part  of  the  gold  escapes  amalgamation 
from  this  cause.  But  there  is  gold  which  is  really  rusty,  not 
covered  with  a  coating  of  oxide  of  gold,  but  of  something  which 
prevents  contact  with  the  mercury.  Absolute  contact  is  neces¬ 
sary  to  amalgamation,  and  the  thinnest  film  between  the  gold 
and  mercury  will  prevent  it.  One  of  these  coatings  is  oxide  of 
iron,  which  does  not  occur  very  often  and  is  very  easily  removed 
In  abrasion,  and  another  is  said  to  be  silica;  grease  from  the 
stamp,  or  which  may  be  in  the  water  used,  will  also  produce  it. 
I  have  shown*  also  that  a  small  amount  of  sulphuretted  hydrogen 
<>i  sulph-hydiate  ot  ammonia  will  produce  exactly  the  same  effect, 
leaving  an  impalpable  greasy  film  on  the  outside,  which  prevents 
tht  action  of  the  mercury.  In  other  words,  a  dirty  mill,  water 
which  is  not  clean  and  not  carefully  protected  from  drainage, 

affect  the  gold.  No  one  has  until  now  thought  it  necessary 
to  call  attention  to  this  subject. 

have  elsewhere  shown'}*  that  there  are  many  other  interesting 

Trans.  Inst.  Min.  Eng.,  vol.  ix.,  p.  G33. 

t  Ibid. 
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facts  relating  to  the  metallurgy  of  gold  which  have  escaped  ob¬ 
servation.  How  far  they  may  affect  its  extraction  from  the  ores 
is  yet  to  be  seen.  It  seems,  however,  certain  that  we  are  creating 
some  of  the  difficulties,  and  that  some  other  machine  than  the 
stamp  will  have  to  be  used  in  the  near  future  for  pulverising 


gold  ores. 


The  cost  of  the  treatment  of  a  gold  ore,  including  the  mining, 
varies  very  much  and  depends  on  a  great  variety  of  circum¬ 
stances,  such  as  the  hardness  of  the  rock,  cost  of  transportation, 
price  of  labour,  &c.  It  may  vary  from  $1  to  SlO  per  ton.  It  is 
usually  higher  in  custom  mills  than  in  those  mills  owned  by  the 
mine,  where  the  quantity  treated  is  very  large.  In  such  mills 
the  cost  of  crushing,  varying  with  the  rock,  will  be  from  Si  to 
S2  per  ton.  In  the  custom  mill  where  only  a  small  quantity  is 
run  it  may  be  as  high  as  S5  for  the  same  ore.  The  yield  of  the 
ore  and  the  consequent  profits  are  very  variable.  Ores  yielding 
as  low  as  So  have  been  treated  in  a  large  way  with  a  profit, 
but  so  much  depends  both  on  the  nature  of  the  ore  and  on  local 
circumstances,  such  as  the  management  of  the  mill,  that  it  is  quite 
impossible  to  say  how  poor  an  ore  could  be  worked.  Perhaps  no 
one  thing  has  been  so  great  a  stimulus  toward  the  perfection  of 
the  gold  processes  of  California  as  the  discovery  of  the  mercury 
mines  there.  The  demand  for  a  large  quantity  of  mercury  so 
stimulated  the  rival  companies  that  they  improved  their  process 
to  cheapen  their  production ;  but  after  they  had  increased  their 
output,  they  found  themselves  with  such  active  competition  that 
the  price  of  quicksilver  has  fallen  to  less  than  one-foui th  of  'w  hat 
it  was,  so  that  the  free  use  of  mercury  is  no  longer  feared  in  the 
poor  mines,  and  the  ominous  question  of  the  loss  in  mercury  does 
not  loom  so  high  nor  figure  for  so  large  a  part  of  the  cost  in  the 

processes  as  formerly.  . 

For  a  number  of  years  all  the  metallurgical  losses  of  gold 
mining  were  attributed  to  sulpliurets,  and  processes  for  working 
these  were  invented  without  number,  most  of  "  hich 
out  long  ago.  The  beautiful  process  of  Plattner  for  roasting 
these  sulphurets  and  then  extracting  the  gold  by  c  1  onne  w 
adopted  and  improved  upon,  and  for  a  long  time  seerne  o  a 
solved  the  question,  but  little  by  little  it  was  ^eerhuned  th.t 
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there  were  certain  substances  contained  in  the  gangue  of  the 
rock,  such  as  lime  and  magnesia,  and  certain  other  substances 
which  might  be  associated  with  the  gold,  such  as  lead  and  zinc, 
which  would  be  attacked  by  the  chlorine,  and  that  there  were 
circumstances  in  which,  after  the  gold  was  in  a  soluble  form  in 
the  tanks,  it  might  be  again  precipitated  in  the  insoluble  material 
of  the  tails,  and  thus  be  lost.  Recent  experiments  have  been 
made  with  nascent  chlorine,  with  this  gas  under  pressure,  and 
other  modifications  which  gave  promises  for  the  future  which 
have  not  been  fulfilled.  It  is  apparent,  however,  that  Plattner’s 
process  in  any  or  all  of  its  modifications  does  not  cure  all  the 
evils,  because  it  does  not  cover  every  variety  of  case,  but  is  only 
applicable  to  certain  ores  in  which  there  is  nothing  but  the  gold 
m  the  ore  which  would  be  attacked  by  the  chlorine,  and  nothing 
which  would  prevent  its  acting  on  the  gold* 

If  the  ore  contained  any  silver  this  would  be  attacked,  and  a 
coating  of  insoluble  chloride  of  silver  would  be  formed  over  the 
gold  ;  this  would  prevent  further  attack  by  the  gas,  and  not  only 
would  the  silver  be  entirely  lost,  but  any  particles  of  gold  con¬ 
tained  in  it  would  also  be  lost.  A  very  careful  dressing  might 
separate  some  of  the  gangue  attacked  by  the  chlorine,  but  it 
could  never  separate  the  whole,  and  any  part  of  it  remaining 
would  be  a  source  of  loss;  so  that  as  a  general  rule  it  may  be 
S  sited  that  when  the  ore  contains  anything  but  gold  which  the 
cdorme,  will  attack,  the  process  is  not  applicable.  Besides, 
rlattner  s  process  depends  upon  delicate  chemical  reactions.  If, 
or  instance,  any  of  the  sulphate  of  iron  resulting  from  the 
roasting  is  left  in  the  ore,  as  soon  as  the  gold  has  been  put  into 
a  soluble  condition  and  is  leached  with  water,  a  part  of  the  gold 
dissolved  is  thrown  down  by  the  sulphate  of  iron.  Certain 
organic  compounds  produce  the  same  results.  The  gold  thus 
pi e\  ions  v  rendered  soluble  is  then  precipitated  in  the  gravel  of 
hie  filter  on  the  bottom  of  the  tub  and  is  lost.  I  saw  such  an 
accident  at  Grass  Valley,  and  on  examining  the  tails  on  the 

*  Tho  Carbonates  of  lime  and  magnesia  are  attacked  by  the  chlorine  and 
water  ThtlwthT!  ^  ,1)r°dUCing  any  effect'  Clay  Monies  diluted  in  the 
and  prevent  the  action  o/tl"  ST0"  8eU1°  “  ^  °f 


Milling . 

filter  found  them  very  rich  in  gold.  It  is  not  very  wonderful, 
therefore,  that  a  process  which  demands  such  nice  working  and 
depends  on  exact  chemical  reactions  does  not  succeed  very  well 
where  there  are  no  trained  metallurgists.  I  have  known  an 
expensive  plant  abandoned  and  the  process  brought  into  great 
disrepute  for  one  of  the  reasons  given  above,  when  if  there  had 
been  a  trained  metallurgist  in  charge,  there  is  every  probabilitv 
that  the  defect  would  have  been  remedied  and  the  process  would 
have  succeeded. 

It  sometimes  happens,  too,  that  where  the  process  is  otherwise 
applicable,  certain  substances  held  in  solution  in  the  water  of  the 
district,  if  the  gold  already  dissolved  in  the  water  is  allowed  to 
remain  for  a  short  time  in  the  tanks,  and  sometimes  by  simply 
filtering  through  them,  cause  the  gold  already  dissolved  to  be 
precipitated  on  the  filter  and  thus  to  be  lost.  In  some  cases 
where  the  works  might  have  been  successful  had  there  been 
only  one,  there  were  so  many  competing  for  the  product  of  the 
district,  that  they  were  obliged  to  lie  idle  more  than  half  the 
time  or  pay  a  higher  price  for  the  concentrates  than  they  were 
worth,  in  order  to  keep  at  work. 

As  a  result  of  the  knowledge  that  gold  could  be  recovered 
from  the  tails,  there  followed  a  series  of  concentrating  machines, 
of  blanket-sluices,  of  different  kinds  of  amalgamators,  of  pans  for 
grinding  and  amalgamating,  and  of  single  machines  for  doing  a 
dozen  things  which  require  to  be  done  each  by  a  sepaiate 
machine  in  order  to  be  well  done. 

For  a  number  of  years  the  idea  that  gold  and  silver  could  he 
concentrated  by  means  of  smelting  had  not  occurred  to  the 
people  in  the  West.  The  miner  had  divided  his  ores  into  placer 
and  milling  ores,  and  the  latter  into  free  milling  and  rebellious, 
hy  which  he  meant  ores  which  would  or  would  not  readih 
amalgamate.  Such  rebellious  ores  as  would  not  yield  to  mercun 
after  roasting,  or  to  which  some  leaching  process  was  not  ap¬ 
plicable,  were  treated  for  what  could  be  got  out  of  them.  o 
make  it  possible  to  treat  them  by  any  othei  piocess  to  1 
the  gold,  either  copper  or  lead  must  be  in  such  quanti 
smelting  will  be  remunerative.  Such  is  usuallj  tlw  case  o  ' 
the  treatment  for  gold  alone  possible.  It  occurs  m  ColoraU  , 
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where  a  complicated  European  process  has  been  introduced  with 
such  modifications  as  were  made  necessary  by  local  circumstances 
to  treat  ores  of  copper  or  lead  containing  gold,  to  which  all  the 
rebellious  ores  of  the  district  can  be  profitably  added ;  but  the 
lead  is  always  lost,  while  the  copper  is  saved  as  a  by-product. 
The  gold  thus  concentrated  in  Colorado  in  a  copper  product  is 
afterwards  separated  with  little  loss.  If  the  gold  is  concentrated 
in  a  lead  product,  silver  must  be  present,  when  the  gold  follows 
the  silver  and  is  afterwards  separated  from  it. 

Such  methods  of  smelting  are  not  common.  Gold  is  not 
usually  found  in  the  United  States  in  paying  quantities  in 
copper  or  lead  ores,  nor  have  those  ores  as  a  general  rule 
been  found  in  any  very  large  quantities  in  the  districts  where 
rebellious  gold  oies  occur,  nor  if  they  did,  could  the  separa¬ 
tion  be  undertaken  except  by  men ‘of  great  skill  both  in 
metalluigj  and  in  financiering,  as  the  failure  of  enterprises  of 

tins  kind  based  on  either  the  one  or  the  other,  but  without 
both,  has  shown. 


Tli  at  gold  associated  with  copper,  lead,  silver,  and  zinc,  could 
-e  separated  by  smelting,  when  either  lead  or  copper  ore 

!>C  ***  su^c*en^  quantity,  was  learned  after  a  long 

n  ,  at  not  until  hundreds  of  thousands  of  tons  of  rich 

ai  m?S  r.10m  ama%amatmg  processes,  containing  over  four 

1 1 1  °  ferCUry  t0  ^le  *on  *n  addition  to  large  quantities 
<>f  gold  and  sdver,  llad  Wn  ,Jlowed  „  ^  ,0  ^  Ule 

wh.ch  flow  the  ca„ons  of  tho  disWcfa 

'rZlVl  th*  —  tait  of 

cious  met ol  r  th  economical  separation  of  the  pre- 

mines  from  whlh  by'f^th  TCrtained  tHat  "  tHe  hydraUHC 
fomia  is  nr  l  1  by  .  th  arger  Part  of  the  gold  of  Cali- 

not  more  than^  ^  ***  °*  ^ 

is  saved.  1  *  °*  t  e  total  amount  of  gold  contained 

r  “ the  -»-■ ot 

away  looks  a^lmsf  ,  ,,  '  nc  1  lave  been  allowed  to  flow 

comes  to  consider  the  statlstlcs»  but  the  miner,  when  he 

while  he  gets  out  only  ^ptlenU ^  ”***  *£ 

per  cent,  he  makes  a  profit  for  himself 
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and  his  stockholders,  but  when  he  endeavours  to  save  any 
portion  of  the  other  two-thirds  he  makes  either  less  profit 
or  none  at  all,  according  to  the  amount  of  increase  which  he 
attempts  to  make.  It  is  a  matter  of  great  regret  to  him  that  he 
cannot  save  the  67  per  cent.,  but  his  regret  is  not  that  it  is 
wealth  lost  which  would  be  added  to  the  resources  of  the  State, 
but  that  he  cannot  have  it  at  the  bottom  of  his  own  pocket ;  so 
he  abandons  it  philosophically  to  the  future  miner  with  the 
expectation  that  nature  will  some  time  concentrate  these  tailings, 
or  that  some  process  will  be  invented  by  which  the  vast  value 
contained  in  the  tails  that  are  now  lying  piled  up  in  many  of 
the  canons  of  the  West  can  be  utilised.  In  the  mean  time  the 
filling  up  of  the  river-beds  and  the  covering  of  some  of  the 
agricultural  lands  have  become  a  serious  political  question,  and 
it  may  be  that  in  the  near  future  California,  which  would 
probably  not  have  been  settled  but  by  a  mining  population,  will 
have  to  decide  whether  it  will  allow  the  agriculturist,  who  does 
not  add  nearly  so  much  to  the  wealth  of  the  State  to  dri\  e  the 
miner  out  of  the  deep  placer  districts  where  he  settled  long 
before  the  farmer  came  there,  since  the  granger  element  threaten 
proscription  in  the  shape  of  legislation  which  compels  the  minei 
to  retain  his  tailings  in  the  side  canons  and  not  to  allov  them 
to  escape  into  the  rivers  or  over  the  arable  lands.  This  question 
has  recently  come  into  the  courts  of  California  by  an  injunction 
restraining  the  Miocene  Mining  Company  of  Butte  C  o.  *n  *  ^ 
State,  who  own  1500  acres  on  Feather  Ri\ei  of  placers 
deep,  from  discharging  their  tails  into  this  rivei.  The  ma0n 
of  the  interests  involved  is  shown  by  the  following  h^ui 


from  the  San  Franciso  Alta  of  June,  1881 . 

G  000 

Miles  of  ditches  and  canals  in  the  counties  affected...  ^  joioOO 
Number  of  men  employed,  from  •••  •••  r,Q0 

„  Chinamen .  .  "  §150,000,000 

Capital  invested  in  the  mines  ...  -  412  000  000  to  $15,000,000 

Yearly  product .  **  9  ’  130,000 

Mining  population  affected  by  the  suit  GO, 000 

Agricultural  .  ***  ’**  ,  * 

It  is  estimated  that  should  this  iujuuction  be  made  permmen  , 

*  injunction,  ntter  ™  n,*  S”1”'” 

of  California  in  November,  1884. 


VOL.  I. 
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the  amount  of  farming  land  now  under  cultivation  which  will  be 
rendered  valueless  by  the  removal  of  the  mining  population  will 
be  equal  in  money  value  to  the  total  amount  of  the  value  of 
the  mining  property  involved.  The  State  will  probably  then 
learn  too  late  that  a  valuable  industry  has  been  destroyed  by 
people  who  found  the  mines  working  when  they  settled  on  the 
lands  they  occupy,  and  must  have  known  beforehand  what  was 
in  store  for  them  in  the  near  future.  The  industry  so  destroyed 
it  will  be  difficult  to  re-establish,  and  it  is  very  doubtful  whether 
the  State  will  be  gainer  by  it.  The  immediate  effect  of  the 
action  of  the  courts  in  restraining  the  hydraulic  mines  from 
depositing  the  tails  in  the  usual  manner,  is  seen  by  the  dimi¬ 
nishing  gold  production  of  the  State  as  shown  on  page  35. 

It  is  quite  as  impossible  to  form  any  adequate  idea  of  the 
amount  of  gold  produced  during  the  first  periods  of  mining  as 
it  is  to  estimate  the  losses.  No  attempt  was  made  to  make  any 
record  at  the  time.  The  records  of  the  custom-houses  are  the 
only  ones  that  were  made ,  and  are  necessarily  imperfect ;  they 
show  that  between  1848  and  1854  over  8350,000,000  had  been 
recorded,  but  previous  to  that  time  very  large  sums  had  been 
earned  away  by  those  going  either  to  Europe  or  to  the  East, 
either  in  their  effects  or  on  their  persons,  and  while  the  amount 
carried  by  an  individual  was  small,  the  aggregate  must  have 
been  very  large.  In  the  next  decade  more  perfect  records  were 
made,  which  show  a  gradual  annual  decrease,  the  highest  point 
having  been  reached  in  1853,  when  the  amount  recorded  is 
865,000,000,  which  is  the  largest  annual  production  ever  known 
in  the  State  of  Califonia,  and  the  lowest  826,000,000  in  1864,  the 
total  amount  for  the  decade  being  8450,000,000.  The  next  decade 
to  1874  shows  a  product  of  only  8220,000,000,  the  lowest  amount 
reached  being  817,000,000  in  1873.  This  rapid  decrease  gives  a 
very  fair  idea  of  the  amount  which  must  have  been  wasted  within 
the  first  seven  years  of  the  most  prosperous  time,  when  the 
records,  though  very  imperfect,  give  an  average  of  850,000,000 
a  }eai,  while  the  year  18/3,  when  the  records  were  most  perfect, 
gave  only  817,000,000.  From  1873  to  the  end  of  1882  the  total 
product  of  the  State  of  California  was  8170,113,000 ;  the  lowest 
annual  product  being  815,000,000  in  1877,  and  the  highest 
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$18,000,000  m  1874.  he  following  Table,  showing  the  amount 
of  gold  produced  in  California  in  each  year*  as  compared  to 
the  total  production  in  all  the  other  States,  has  been  prepared 
for  me  by  the  Director  of  the  Mint  at  Washington 

C? v  * 


Year. 

Gold  in  Dollars. 

California. 

Other  States. 

Total  Gold. 

S 

$ 

8 

1848 

10,000,000 

10,000,000 

1840 

40,000,000 

40,000,000 

1850 

50,000,000 

50,000,000 

1851 

55,000,000 

55, f  00,000 

1852 

00.000,000 

00,000,000 

1853 

05,000,000 

05,000,000 

1854 

00,000,000 

• 

00,000,000 

1855 

55,000,000 

55,000,000 

1850 

55,000,000 

55,000,000 

1857 

55,000,000 

55,000,000 

1858 

50,000,000 

50,070,000 

1859 

50,000,0!H) 

... 

50,000,000 

1800 

45,000,000 

1,000,000 

40,000,000 

1801 

40,000,000 

3,000,000 

43,000,000 

1802 

34,700,000 

4,500,000 

39,200,000 

1803 

30,000,000 

10,000,000 

40,000,000 

1804 

20,000,000 

19,500,000 

40,100,000 

1805 

28,500,000 

24,725,000 

53,225,000 

180G 

25,500,000 

28,000,000 

53,500,000 

1807 

25,000,000 

20,725,000 

51,725,000 

1808 

22,000,000 

20,000,000 

48,000,000 

1809  .  * 

22,500,000 

27,000,000 

49,500,000 

1870 

25,000,000 

25,000,000 

50,000,000 

1871 

20,000,000 

23,500,000 

43,500,000 

1872 

19,000,000 

17,000,000 

30,000,000 

1873  .  ; 

17,000,000 

19,000,000 

30,000,000 

1874 

18,000,000 

15,490,902 

33,490,<K)2 

1875 

17,000,000 

10,407,850 

33,407, 850 

1870  .  ] 

17,753,000 

22,170,100 

39,929,100 

1877 

15,000,000 

31,897,390 

40,897,390 

1878  .  | 

15,200,000 

35,940,300 

51,200,300 

1879 

17,000,000 

21,299,858 

38,899,858 

1880 

17,500,000 

18,500,000 

30,000,000 

1881 

18,200,000 

13,500,000 

.‘54,700,000 

1882 

10,800,000 

15,700,000 

32,500,000 

1883 

14,120,000 

15,500,000 

30,000,000 

1884 

13,000,000 

17,200,000 

30,800,000 

It  is  remarkable  that  while  up  to  1800  there  was  almost  no 
gold  produced  in  the  States  east  of  California,  and  that  while  m 
that  year  only  $1,000,000  is  reported,  between  1800  and  1870  the 

*  The  fiscal  yoar  ends  the  30th  of  June. 

D  2 
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amount  produced  gradually  increased,  until  in  1866  it  exceeded 
it.  and  only  fell  so  as  to  equal  it  in  1870.  In  the  next  decade, 
from  1870  to  18S0,  the  largest  amount  produced  in  all  the  other 
States  except  California  was  835,946,360  in  1878,  and  the  lowest 
815,490,902  in  1874 ;  with  the  exception  of  1874  and  1875  the 
Eastern  States  produced  more  than  California,  and  in  1878  more 
than  double  the  amount  produced  there.  The  total  yield  of  gold 
m  the  United  States  in  the  year  1884  was  only  830,800,000,  or 
less  than  that  produced  by  California  alone  up  to  1862,  with  the 
single  exception  of  the  year  1848. 

.  ^be  Allowing  Table,  taken  from  the  annual  reports  of  the 
directoi  of  the  Lnited  States  Mint  at  Washington,  gives  the 
annual  production  of  each  gold-producing  State  from  1877  to 
It  shows  that  while  Nevada  produced  more  gold  in  the 
years  1877  and  1878  than  California,  this  latter  State  is  still  the 
.  ^  P10ducing  State  of  the  Union.  The  large  quantity  of 
°  1 1  oduced  in  Nevada  during  those  years  is  owing  to  the  large 

proportion  of  gold  contained  in  the  silver  of  the  ores  of  the  Com- 

n  r  Qooo  e  .leniai'hable  lode,  which  is  mined  to  a  depth  of 
.  *  k  deeP>  and  contains  about  185  miles  of  drifts,  pro- 

tat«Wenty"0Ue  years  endinS  June  30th,  1880,  a  little 
nC  iau-.  306, 000, OOO  of  bullion,  of  which  8132,000,000  was 

of  thf  ■  •  °  IC'n  ?  aS  sdver-  Since  the  decline  in  the  production 

ZSZZT  ?  0  Ksumed  h“  !»“«<•»  “ 

gold-producing  State  of  the  United  States. 

tained  fc th^world^d^0,  MX^n.  am°Unt  °£  g°ld  C°U' 

from  the  most  reliable  autl  v  **  th&t  the  best  estimateS 
mations.  It  is  surmos  ,  ,°ntles  are  but  the  merest  approxi- 

gold  in  existent  •  +  +i  SU  ’  10wever>  that  the  entire  amount  of 

As  the  value  of  a  cubic  tim®. iS  n0t  °Ver  $7,000,000,000. 

were  melted  into  one  mass  it  S9’°00>000’ if  a11  this  S°ld 

yards,  which  wouhl  make  Tb  C°ntain  “  7°°  CUbiC 

or  less  than  the  cntZ  ZelT  T^  25  *  by  25  ft‘  by  31 

ntents  of  an  ordinary  small  city  house. 
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3,000,000 

2,000,000 

100,000 
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3,200,000 

18,000,000 

175,000 

100,000 

1,000,000 

350,000 

50,000 
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TREATMENT  OF  SILVER  ORES. 

As  gold  grew  scarcer,  silver  ores  were  looked  for  and  became 
an  object  of  great  interest.  At  first  only  the  rich  outcrops  of  the 
free-milling  lodes  were  worked.  The  ores  from  them  were  treated 
by  the  old  Patio  processes,  which  are  still  used  in  Mexico,  and  are 
characterised  by  the  use  of  arastras  and  Chilian  mills.  Occasionally 
the  Caso  method  was  adopted  by  some  persons  who  had  seen  it  at 
work  or  had  heard  of  its  working  in  Chili.  The  Caso  method, 
working  quicker  than  the  Patio,  was  adopted  in  some  places; 
the  bottom  of  the  box  was  replaced  by  iron,  and  then  the  sides, 
and  then  the  idea  of  grinding  suggested  itself,  until  the  amalga¬ 
mation  pan  in  all  its  varieties  grew  up  little  by  little.  It  was  at 
first  thought  that  the  pan  could  be  used  equally  well  for  both 
grinding  and  amalgamating,  and  some  persons  still  use  it  for 
both  purposes.  But  it  has  been  pretty  well  settled  of  late  years 
that  the  machine  can  do  only  one  kind  of  work  well,  and  that 
any  other  kind  of  work  forced  from  it  is  done  at  the  expense  of 
the  yield. 

The  Freiberg  barrel  did  not  meet  with  much  favour  in  the 
West.  Most  of  the  emigrants  of  1848  were  of  Anglo-Saxon 
origin,  and  when  the  German  came  with  his  slow  but  certain 
methods,  a  few  mills  adopted  the  barrel.  But  in  the  early  days 
quick  returns  were  demanded.  The  pan  was  an  American  in¬ 
vention.  It,  moreover,  had  grown  on  "the  coast,”*  and  every 
one  knew,  or  thought  he  knew,  how  to  use  it.  Every  machine 
shop  was  ready  to  make  it,  and  was  more  or  less  interested  in 
one  of  the  many  patents  taken  out  for  a  new  one.  It  gave  a 
return  in  from  three  to  five  hours,  while  the  barrel  worked 
twenty-four  before  the  amalgam  was  extracted.  The  pan  re¬ 
quired  nothing  but  the  ore,  mercury,  “  the  chemicals,”  and  water. 
These  had  to  be  used  in  the  barrels,  and  in  addition  some  iron. 
Balls  were  used  at  first,  as  in  Europe,  then  pieces  cut  fron  stamp 
stems,  and  then  mule  and  horse  shoes,  and  finally  anything  made 


*  All  the  Sierra  Nevada  district  is  called  “  the  coast”  in  the  West. 
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A  malgamation.  Roast  i  ng. 

of  iron  whether  adapted  by  its  shape  to  the  purpose  or  not  The 
result  was  imperfect,  partly  from  the  want  of  material  adapted 
to  the  purpose,  and  partly  because  it  was  not  always  possible  to 
get  the  material  wanted  in  a  given  time.  The  consequence  was 
that  most  of  the  mills  that  put  up  barrels  found  no  one  to  run 
them,  or  were  obliged  to  keep  one  set  of  men  to  run  and  another 
to  repair  them.  Yankee  wit  did  improve  them  so  as  to  make 
each  barrel  independent  by  using  friction  clutches,  and  by  doing 
away  with  the  cogging  by  the  substitution  of  friction  gear ;  but 
a  change  in  the  administration  usually  threw  the  barrels  out  and 
put  in  the  pans,  so  that  the  barrel,  while  everywhere  condemned 
in  favour  of  the  pan,  has  really  not  been  fairly  tested.  It  is 
cheaper  to  erect  and  cheaper  to  run,  but  slower  in  action,  and, 
with  friction  gear,  ought  to  compete  with  the  pan. 

Amalgamation,  whether  in  the  barrel  or  the  pan,  was  first  used 
only  for  ores  that  are  now  called  free-milling — that  is,  which 
will  amalgamate  immediately  with  the  mercury.  But  it  became 
evident  soon  that  there  was  a  large  amount  of  ore  which  would 
not  amalgamate.  It  contained  sulphur  and  other  substances 
which  either  prevented  the  action  of  the  mercury  altogether  or 
caused  a  great  loss  of  it.  Such  ores  were  called  rebellious,  and 
at  first  were  not  used ;  afterwards  they  were  roasted,  the  prin¬ 
cipal  object  of  the  roasting  being  not  only  to  drive  off  the  sulphur 
which  was  present,  but,  by  adding  a  little  salt,  to  convert  the 
silver  into  chlorides  which  could  be  easily  attacked  by  the  mer- 
cury,  which  process  was  called  the  Reese  River  Process,  in  dis¬ 
tinction  from  the  Washoe,  which  is  the  free-milling. 

Up  to  this  time  stamping  had  generally  been  done  wet  in  ordei 
to  avoid  the  losses  occasioned  by  the  dust,  as  there  was  no  reason 
why,  in  the  Washoe  process,  the  wet  ore  should  not  he  delivered 
to  the  pans  as  soon  as  it  settled  sufficiently  to  form  the  “  pulp, 
but,  with  rebellious  ores  in  regions  where  fuel  was  generally 
scarce,  too  much  heat  would  have  to  be  used  in  driving  out  the 
moisture  from  the  ore,  and  dry-stamping  took  the  place  of  the 
"et.  As  the  ore  came  from  the  mine  damp,  drying  floois,  made 
by  running  the  flues  of  the  roasting  furnace  backwards  an 
forwards  under  the  iron  plates  covering  the  floors  behind  the 
stamps,  were  used  and  the  ore  from  the  mine  was  spread  out 
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over  these  plates  until  it  was  dry.  As  there  was  nothing  but 
the  force  of  the  blow  from  the  stamp-head  to  deliver  the  ore 
from  the  screens,  the  operation  was  slower,  and  as  no  water 
current  carried  the  ore  away  from  the  front  of  the  stamps,  endless 
chains  were  placed  in  the  dust-tight  boxes  which  enclosed  the 
front  of  the  mortar-screens,  which  delivered  the  crushed  ore  into 
bins  in  the  roof  of  the  works,  whence  it  was  delivered,  by  spouts, 
into  the  furnace. 


Every  kind  of  furnace  for  roasting  was  invented  and  tried. 
These  were  usually  some  kind  of  reverberatory  furnace,  and  were 
the  subject  of  a  large  number  of  patents,  and  were  altered  and 
modified  with  more  or  less  permanent  success.  Attempts  were 
made  to  make  the  work  wholly  mechanical  by  the  use  of  revolv- 
ing  cylinders  into  which  the  ore  and  salt  were  charged  by 
machinery,  in  order  to  get  rid  of  the  difficult  hand  labour 
required,  and  the  necessary  exposure  to  fumes  in  roasting  in 
ordinary  reverberatory  furnaces.  A  few  of  these  survive  in  the 
Biuckner  furnace  and  its  derivatives,  but  as  a  general  thing  the 
cost  of  repairs  to  these  contrivances,  and  the  necessity  of  more 


engine  power  or  of  separate  engines  in  the  absence  of  machine- 
shops  near  at  hand,  increased  the  expense  of  working  beyond  the 
gain  in  diminished  labour. 

On  account  of  the  large  loss  both  in  mercury  and  in  silver 

which  are  carried  off  in  the  tails,  mills  called  tail-mills  have  been 

erected,  v>  hei  e,  notwithstanding  the  large  loss  in  mercury  which 

is  know  n  to  exist  in  the  treatment,  there  is  a  constant  increase 

in  the  quantity  of  mercury,  and  very  often  a  large  yield  in  silver. 

ve  mills  ha\  e  no  work  to  do  unless  the  tails  are  accumulated 

y  amming  the  \  alleys  through  which  the  tail-streams  pass. 

en  the  accumulated  tails  have  been  treated,  the  mills  have  no 

ci  use,  and  iei\  often  the  heavy  freshets  do  the  work  first 

by  sweeping  the  tails  away.  Sluices  of  great  length  and  width 

>a\  e  een  put  up,  but  their  tails  are  still  rich.  Many  machines 

tC  lnvented  for  catching  mercury  and  amalgam  by  making 

„  °Vei  revolvi&g  blankets,  rubbers,  revolving  amal- 

as  yet  su  P  a  Ti  ^  many  °ther  contrivances,  but  they  are  not 
as  j  et  successful  in  the  commercial  sense. 

lead,  coppei,  or  zinc  were  present  in  the  ores  in  any 
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considerable  quantity  they  became  so  rebellious  that  amalgama¬ 
tion  was  out  of  the  question,  and  smelting,  with  its  necessary 
adjunct  of  concentration,  became  necessary.  As  the  dressed 
ores  were  rich  and  contained  a  large  product  condensed  into  a 
small  one,  and  as  this  product  was  usually  sold,  sampling  works 
sprung  up,  in  which  the  value  of  a  large  quantity  of  ore  was 
carefully  ascertained  by  processes  more  or  less  mechanical,  in 
which,  as  rapidity  of  execution  as  well  as  correctness  of  results 
were  necessary,  a  number  of  tools  for  reducing  the  ore  to  powder 
now  generally  used  were  invented. 

The  first  attempts  at  smelting,  as  they  were  usually  conducted 
by  persons  of  no  great  experience,  were  not  very  successful. 
In  fact,  the  early  history  of  the  now  very  successful  Ameiican 
methods  is  a  record  of  failures.  When  the  smelting  of  sihei 


ores  became  a  necessity,  English  methods  were  first  intioduced 
by  the  Cornish  miners,  only  a  few  of  the  German  and  Swedish 
furnaces  being  used.  But  as  the  English  type  of  furnace  requires 
a  considerable  amount  of  good  fuel,  of  a  kind  not  genual  \ 
found  in  the  West,  and  the  use  of  wood  in  them  requires 
great  skill,  shaft  furnaces  gradually  took  their  place,  foi  t 
niost  part,  for  treating  ores  containing  gold,  copper,  s 
and  lead  by  smelting.  Some  of  the  processes  adapte 
the  old  works  in  Europe  found  themselves  in  circuin 
where  the  conditions  of  transportation,  laboui,  01  fiu  ' 
that  they  could  not  compete  with  other  distiicts,  so 
gradually  disappeared,  and  were  succeeded  by  the  <u  P 

*  ~w  dress,  or  i„  „  new  ph.se,  to  ®  hid 

Plant  and  the  process  as  it  is  now  usee  in  Htt]e  it 

hardly  be  recognised  by  their  inventors.  .  volatile 

was  ascertained  that  when  the  ore  con  amu  ^  calTy 

material,  although  it  might  be  in  small  quantities  . 

°h  with  it  very  considerable  portions  o  ?  ^dually 

a^d  then  arose  the  idea  of  condensing  c  nxm  el  >  ^  ^ods  ]iaVe 
without  any  one  person  having  invented  them,  .  ar0 

8r°wn  into  the  simple  and  very  beautiful  P*'oce>s 
n°w  in  use  in  the  West.  ,  this>  as  wood 

the  only  fuel  used  was  charcoa  ,  a  float  wood, 

n  as  scarce,  was  sometimes  made  from  dea< 
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or  from  woods  too  light  for  the  purpose,,  so  that  it  very  often 
happened  that  the  charcoal  would  crush  by  its  own  weight,  and 
would  not  stand  a  charge  in  the  furnace  at  all.  It  then  became 
evident  that  the  ores  must  have  a  comparatively  high  yield,  and 
that  as  they  usually  had  a  gangue  composed  for  the  most  part 
of  silica,  coke  was  necessary,  and  this,  with  from  10  to  20  per 
cent  of  ash*  was  imported  from  the  East  or' from  Europe  at  an 
expense  in  some  of  the  works  of  840,  or  even  §60,  a  ton.  As  it 
became  evident  that  coke  was  the  necessary  fuel,  it  also  became 
apparent  that  something  must  be  done  to  reduce  its  cost,  and 
also  the  cost  of  the  refractory  materials.  Water-back  furnaces 
were  then  introduced,  which  consisted  of  cast  or  sheet-iron  boxes 
rivetted  together,  surrounding  the  hottest  part  of  the  whole  of 
the  furnace  and  cooled  with  water.  These  furnaces  were  for  the 
most  part  open-breast  furnaces  with  front  hearths,  and  were 
continually  getting  out  of  order  from  the  formation  of  sows  and 
bears  which  occasionally  stuck  to  the  bottom  or  formed  engorge¬ 
ments  in  the  furnace  higher  up.  To  avoid  these  the  Arent’s 
tap  was  invented,  which  keeps  a  very  considerable  quantity  of 
lead  on  the  hearth  of  the  furnace  at  all  times,  and  allows  of  the 
casting  being  done  from  the  outside  of  the  furnace,  without 
interfering  with  the  interior.  In  other  works  where  copper  is 
in  large  quantity,  the  ores  are  smelted  for  copper,  and  the  silver 
and  gold  concentrated  in  one  of  the  products,  from  which  it 
is  separated  in  the  wet  way  by  the  skilful  adaptation  of  old 
processes. 

It  now  became  evident  that  there  were  considerable  mechanical 
losses  from  the  metal  being  carried  up  and  out  of  the  chimney  > 
so  that  in  some  instances  in  Utah  as  much  as  10  or  even  15  or 
20  per  cent,  was  carried  off  in  this  way.  Attempts  were  then 
made  to  collect  this  material,  as  is  done  in  Europe,  in  condensation 
ehambeis  of  large  size  and  extent,  and  several  systems  of  doing  it 
have  been  invented.  The  simplest,  the  cheapest, and  the  most  recent 
of  these  is  used  at  Mansfield  Valley,  near  Pittsburgh,  Pennsyl* 
'  ania,  and  is  an  adaptation  of  the  flue  leading  to  the  chimney  by 


thl  Sl!highfPeTnta?e  °f  a3h  in  the  coke  has  hi  several  instances  caused 
the  failure  of  works  which,  with  a  suitable  fuel,  might  have  been  successful 
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dividing  it  in  two  sections  vertically.  In  the  lower  one  of  these, 
partitions  18  in.  high,  placed  4  ft.  or  5  ft.  apart, and  one-third  of  the 
height  of  the  flue,  catch  the  dust  by  gravity,  and  as  there  is  no 
velocity  below,  it  remains  there.  The  gas  circulates  above. 

Generally  the  silver  and  the  gold  in  a  district  where  lead  ores 
can  be  had,  are  concentrated  in  a  pig  lead  improperly  called 
“  base  bullion.’*  In  some  few  cases  in  the  early  days  the  German 
method  of  cupellation  was  used,  but  as  this  requires  a  maximum 
consumption  of  fuel,  great  skill,  and  a  market  for  litharge,  it  was 
quickly  superseded  by  the  English  method,  which  requires  less 
skill,  makes  no  litharge  for  sale,  but  required  the  poor  lead  to  be 
concentrated  into  a  rich  one  and  that  treated  for  gold  and  silver. 
The  Patterson  process  by  crystallisation  for  enriching  the  lead 
previous  to  cupellation  was  never  extensively  used  here,  prin¬ 
cipally  because  at  the  time  when  there  was  a  large  amount  of 
work  to  be  done  the  process  had  already  been  superseded.  The 
lead  directly  from  the  furnace  is  now  enriched  by  zinc  desilverisa¬ 
tion,  and  the  rich  lead  cupelled  in  an  English  furnace. 

The  history  of  this  process  is  very  peculiar.  Invented  in 
1842  by  Karsten,  it  was  declared  a  failure  after  a  prolonged 
investigation  by  that  very  able  metallurgist.  It  was  reinvented 
by  Crooks  in  1858  in  England,  where  it  was  not  very  successful, 
and  was  brought  to  this  country  as  an  English  process.  It  was 
tried  again  at  Tarnowitz,  in  Silesia,  and  was  more  or  less  of  a 
failure  there,  and  was  then  reintroduced  into  this  country,  and 
so  many  improvements  made  in  it  that  to-day  the  American 
modification  of  it  has  become  the  perfection  of  a  process,  and  the 
furnace  used,  a  type  furnace. 

In  order  to  use  the  method  of  desilverisation  by  zinc  it  is 
necessary  that  both  the  lead  and  the  zinc  should  be  very  pure. 
To  purify  the  lead  small  refining  furnaces  were  used  in  Germany, 
containing  two  to  three,  and  subsequently  from  five  to  six  tons 
each.  But  in  this  country  one  of  the  first  improvements  made 
was  the  softening  or  purification  of  the  lead  in  a  furnace  containing 
from  15  to  20,  and  subsequently  as  high  as  26  tons;  but  as  the 
hearth  of  such  a  furnace  was  difficult  of  construction,  it  was 
simply  made  in  a  cast  or  wrought-iron  pan.  This  softened  lead 
had  to  be  discharged  from  the  furnace,  which  was  not  an  easy 


44 


CupeUation. 


matter,  and  the  late  Mr.  Steitz  invented  a  siphon  to  do  it 
which  seemed  to  be  the  perfection  of  an  instrument  for  this 
purpose. 

The  refined  lead  is  stirred  with  zinc,  the  zinc-scums  carrying 
the  silver  with  them  are  liquated  to  separate  the  excess  of  lead, 
and  the  result  is  a  very  rich  zinc  alloy,  containing  a  large  amount 
of  lead,  which  is  granulated  and  distilled  in  retorts.  The  distil¬ 
lation  in  retorts  promised  at  one  time  to  wreck  the  process,  as  it 
had  to  be  effected  in  small  furnaces  surrounded  by  coke,  and 
the  number  of  retorts  broken  was  large,  notwithstanding  the 
use  of  Steitz’s  siphon.  Petroleum  was  then  tried  with  great 
success,  lessening  the  breakage  of  the  retorts  due  to  the  charging 
of  the  fuel  and  the  poking  of  the  fire.  Subsequently  Mr.  Faber 
du  Faui  invented  his  tilting  furnace,  which  allows  of  pouring 
thi  licdi  sihei  lead  out  of  the  retort  without  disturbing  it,  thus 
i cunning  all  the  difficulty.  The  silver  lead  from  which  the  zinc 
as  leen  distilled  is  cupelled  in  an  English  furnace  and  cast  into 
pigs.  The  lead  from  which  the  silver  has  been  removed  is  re- 
ia  furnace  similar  to  the  softening  furnace,  called  a 
ra  cmer.  All  the  lead  so  refined  is  of  the  highest  quality,  fit  for 

he  manufacture  of  whit,  lead.  It  is  produced  ^most  ai  .  bv- 
pioduct,  and  at  a  low  cost. 

“  cuP'll“i»"  )>*'■,  been,  first,  the  inven- 

rri-*  ^  «*.  m,..  ^  „  & 

and  the  later  in  r  ^  Cou1^  **  beeogM  up  to  tine  silver, 

loZ  f M;;  "uiich’ the  ^ 

on  a  hearth  made  of  Portl^T  rfch“  40  silver  996 

the  cupel  into  silver  bricks  .**“?“*>  castin«  Greedy  from 
the  cupel.  ’  *  a  sllllPle  arrangement  for  tipping 

It  sometimes  happens  0*1 

in  the  wet  way.  There  ar  h  '  ^  CaU  ^  ex^1>ac^e^  from  its  ore 
been  used  for  this  purpose6  °®  pnnciPal  methods  which  have 
a  German  named  Au-uisf  >  Was  intl'oduced  in  1849  by 

ore  into  chloride  bv  roastiYI’i  ^  Consists  in  transforming  the 
other  impurities,  grinding  tt  ^  °U'  t0  dr*v®  the  sulphur  and 
salt  to  form  chlorides;  thenV^^’1  ^  &Ud  then  roasting  with 
saturated  solution  of  salt  ^  ®^0  'ing  out  the  chlorides  with  a 

^'P'Mng  the  sUvcr  with  copper. 


Wet  Methods. 
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compressing  and  melting  the  silver.  It  is  usual 
the  silver  into  copper  mattes  for  this  process.  Shortly  rfterThe 
invention  of  this  process,  another,  much  simpler,  was  invented  by 
Ziervogel,  which  consists  in  roasting  mattes  to  produce  sul 
pliates,  decomposing  all  these  sulphates  except  that  of  silver  and 
then  dissolving  out  the  sulphate  of  silver  with  hot  water.  Simple 
as  it  appeal's,  this  process  is  exceedingly  difficult  to  execute  for 
it  requires  a  very  high  degree  of  skill  to  seize  the  exact  moment 
when  all  the  sulphates  of  the  other  metals  are  decomposed  and 
none  of  the  silver  is.  If  the  sulphates  are  not  all  decomposed 
the  silver  is  precipitated  by  them  ;  if  they  are,  there  is  danger 
tiat  the  silver  sulphate  also  will  be  decomposed,  and  it  will  then 
he  lost,  as  the  oxide  is  not  soluble.  The  practice,  therefore,  is  to 
leave  a  little  of  the  sulphates  of  these  metals  undecomposed,  as 
the  loss  in  this  case  can  be  calculated  beforehand,  while  no  one 
can  tell  what  it  will  be  in  the  case  of  too  much  roasting.  As 
these  residues  are  always  rich,  they  are  often  treated  by  the 
Augustine  process,  the  two  being  very  advantageously  used 
together  in  this  country. 

In  looking  at  the  silver  process  as  a  whole  and  comparing  the 
COyt,  v  e  find  that  the  relations  between  the  relative  cost  and 
quantity  of  silver  extracted  were  very  interesting. 


Relative  Relative 
Cost.  Loss. 

Amalgamation . 2.2  2.0 

Augustine  process  . 1.8  2.0 

Ziervogel  „  1.0  1.0 


The  Ziervogel  process  is,  both  as  to  cost  and  residues,  twice  as 
advantageous  as  the  others. 

^  another  process  was  invented  in  1858  by  an  Austrian  of 
^  name  of  Von  Patera,  which  consists  in  roasting,  as  in  the 
s  ?gUstine  Process,  leaching  with  hot  water,  before  roasting  with 
tli  *  01  ^er  to  dissolve  out  any  soluble  salts,  roasting  with  salt, 

dissolving  the  chlorides  with  hyposulphite  of  soda,  precipi- 
t]|  !n.8  tlle  s^ver  with  polysulphite  of  sodium,  and  then  reducing 
ulphidc  of  silver.  This  process  is  easily  carried  out,  in  that 
“  r®agents  can  readily  be  had,  and  that  none  of  them  are 
’  both  the  lixiviation  and  the  precipitation  uqui 
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Parting. 


such  nice  distinctions  and  such  an  exact  chemical  knowledge 
that  it  has  not  been  very  successful. 

Earl}-  in  the  year  1884  this  process  was  so  modified  by  Mr. 
E.  H.  Russell,  that  poor  ores  with  considerable  quantities  of  base 
metals  can  be  more  economically  treated  than  by  the  original 
process,  and  is  applicable  to  many  ores  which  heretofore  could 
not  be  treated  by  any  process. 

The  bullion  which  is  produced  as  the  result  of  treatment  of 
any  of  the  ores  usually  contains  some  small  quantity  of  the  base 
metals  besides  the  gold  and  silver.  The  gold  from  California 
generally  contain^  about  12  per  cent,  of  silver,  that  from  Aus¬ 
tralia  4  per  cent,  to  6  per  cent.  The  amount  varies  from  3  per 
cent,  to  25  per  cent.  The  silver  bullion  often  contains  gold,  as 
in  the  case  of  the  Comstock,  where  one-third  of  its  value  is  gold ; 
and  these  metals  must  be  separated  in  order  that  they  may  be 
alloyed  to  their  proper  standards  for  commercial  uses.  Neither 
pure  gold  nor  pure  silver  is  of  any  use  commercially  except  for 
electro-plating ;  for  all  other  purposes  they  would  be  much  too 
soft.  The  process  of  separation  is  called  parting.  To  etfect  this 
an  alloy  is  made  by  melting,  which  usually  contains  three  parts 
of  silver  to  one  of  gold.  In  a  single  instance  in  California  this 
alloy  is  three  of  silver  to  two  of  gold.  The  formation  of  this 
alloy  is  called  inquartation.  It  is  granulated  and  subjected 
to  one  of  three  different  processes ;  the  silver  is  dissolved 
out  by  either  nitric  or  sulphuric  acid,  and  in  both  cases 
the  residue  not  dissolved  will  be  gold.  The  nitrate  of  silver 
siphoned  ofi  from  this  is  diluted  with  water  and  precipitated 
with  salt.  The  chloride  of  silver  so  formed  is  reduced  to  a 
metallic  state  with  sulphuric  acid  and  zinc,  and  the  silver  melted 
into  bars  whose  fineness  is  stamped  on  them,  and  they  are  then 
used  for  commercial  purposes.  In  the  case  of  sulphuric  acid, 
sulphate  of  silver  is  formed,  which  is  diluted  with  hot  water  and 
precipitated  as  metallic  silver  by  copper.  The  spongy  silver  is 
pressed  into  cakes  by  a  hydraulic  press  and  melted  into  bars. 
The  gold  is  collected,  melted,  and  run  into  bars.  The  nitric  acid 
method  has  been  generally  abandoned,  because  it  poisons  the 
neighbourhood  with  fumes.  The  sulphuric  acid  process,  which 
is  a  little  cheaper,  has  taken  its  place,  except  in  California,  where 
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a  very  beautiful  method,  invented  by  Mr.  Gutzkow,  has  taken 
its  place.  This  method,  which  is  very  ingenious,  much  quicker 
and  gives  better  results  than  the  others,  was  introduced  in  San 
Francisco  in  1867.  Most  of  the  alloys  are  not  granulated ;  they 
are  inquartated  and  dissolved  in  sulphuric  acid,  in  bars.'  The 
sulphate  of  silver  is  crystallised  and  a  solution  of  sulphate  of 
protoxide  of  iron  run  through  it,  which  reduces  the  silver  to  a 
metallic  state  ;  the  iron  solution  becomes  sulphate  of  sesquioxide 
of  iron,  and  is  restored  to  its  original  condition  with  fresh  iron 
and  used  again.  The  silver  is  pressed  and  melted  as  before,  and 
the  gold  from  the  pots  treated  in  the  same  way.  This  process 
is  not  only  very  simple,  but  is  in  a  chemical  way  one  of  the  most 
beautiful  known. 

The  amount  of  silver  produced  in  the  United  States  previous 
to  1858  was  so  insignificant  that  no  statistics  have  been  recorded. 


In  that  year  it  was  only  8500,000  ;  in  1859  it  was  only  8100,000; 
in  I860  it  was  8150,000;  but  in  the  following  year,  1861,  the 
amount  of  silver  began  gradually  to  increase,  until  the  year  1870, 
when  it  was  816,000,000.  The  total  amount  produced  in  this 
decade  from  1860  to  1870  was  884,300,000,  the  lowest  amount 
being  8150,000,  in  1860.  From  1870  to  1880  the  amount  of 
silver  becomes  a  very  considerable  factor  in  the  worlds  pro¬ 
duction  of  this  metal,  the  highest  amount  being  a  little  over 
$45,000,000,  in  1878,  and  the  lowest  816,000,000,  in  1870,  the 


total  production  for  the  decade  being  8374,922,260.  If  these 
amounts  of  silver  are  added  to  the  amounts  of  gold  shown  in  the 
fable,  page  49,  it  will  be  seen  that  for  the  decade  from  1^00  to 
■^70,  the  highest  production  of  precious  metals  was  in  186. , 
-61,500,000,  and  the  lowest  was  843,700,000  in  1862,  the  total 
being  8555,150,000.  For  the  next  decade,  from  1870  to  1880,  the 
highest  production  was  in  the  year  1878,  896,487,745,  and 
lowest  866,000,000,  in  1878.  The  largest  amount  of  silv*rP™‘ 
duced  by  any  one  State  during  the  year  1883,  was  *17,370, 
obtained  in  Colorado,  and  the  next  largest  ^.OOO.OOO  rom 
Montana.  In  the  year  1 877,  Nevada  alone  produced  8-8,1-  •  ■ 

*hUe  in  1883,  owing  to  the  decline  of  the  Comstock  va .  , 

I  P^duced  only  *5,430,000  ;  Utah,  in  1883  produced 
°.620,000,  and  Colorada  *17,370,000,  and  is  therefore  - 
ULs  been  since  1879,  the  great  silver-producing  State. 
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Production  of  Silver. 


The  following  Tables,  prepared  from  the  reports  of  the  director 
of  the  United  States  Mint,  give  the  production  of  each  of  the 
silver-producing  States  from  1876  to  1884. 
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Production  of  Gold  and  Silver. 


The  following  Table,  compiled  from  the  sm™ 
gold  and  silver  of  the  different  Stati Zl! 
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Production  of  Silver 


The  following  Tables,  prepared  from  the  reports  of  the  director 
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Production  of  Gold  and  Silver . 


The  following  Table,  compiled  from  the  same  source,  gives  the 
total  gold  and  silver  of  the  different  States  from  1877  to  1884. 
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$ 

200,000 

5,430,000 

10,000,000 

20,250,000 

3,450,000 

137,000 

3,970,000 

9,170,000 

9,100,000 

3,300,000 

100,500 

680,000 

57,500 

81,000 

0,920,000 

2,000 

89,000 

0,000 

1883. 
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300,000 
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15,580,000 
21,470,000 
3,350,000 
200,000 
3,500,000 

7,800,000 

7,950,000 

3,125,000 

170,000 

080,000 

57,000 

5,700,000 

0,000 

80.500 

4,000 

17.500 

1882. 

8 

150,000 

8,505,000 

17,045,000 

19,800,000 

3,475,000 

250,000 

3,500,000 

... 

0,920,000 

8,750,000 

1,950,000 

215,000 

805,000 
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2,000 
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11,000 
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7,000 

00,000 
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4,950,000 

10,000 

410,000 

20,000 

14,000 

1878. 

3 

4,350,000 
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14,925,000 

2,430,000 

90,000 
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780,000 
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90,000 

1,170,000 

6,825,000 

95,000 
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17,034,008 
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1,350,000 

100,000 

3,930,140 
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150,000 

1,100,000 

5,000,000 

325,000 

50,000 
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00 
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800,000 

16,000,000 

7,500,000 

2,000,000 

100,000 

1,750,000 

200,000 

3,950,000 

44,000,000 

675,000 

100,000 

1,100,000 

5,425,000 

50,000 

350,000 
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States. 

Alaska 

Arizona  . 

California. 

Colorado  . 

Dakota 

Georgia  . 

Idaho 

Maine 

Michigan  . 

Montana  . 

Nevada  . 

New  Mexico 

North  Carolina. 
Oregon 

South  Carolina . 
Tennessee  &  Alabama 
Utah 

Virginia  . 
Washington  T. 
Wyoming. 

Other  States 
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Production  of  Gold  and  Silver. 


The  following  Table,  compiled  from  the  same  sources,  gives  the 
total  amount  of  silver  produced  yearly  in  the  United  States  from 
1858  to  1884,  and  also  the  total  value  of  the  gold  and  silver  for 
the  same  years. 


Year. 

Silver. 

Total  Gold 
and  Silver. 

Year. 

Silver. 

Total  Gold 
and  Silver. 

8 

§  1 

8 

8 

1858  .  . 

500.000 

50,500,000  i 

1871  . 

23,000,000 

66,500,000 

1850  .  . 

100,000 

50,100,000 

1872  . 

28,750,000 

64,750,000 

I860  .  . 

150,000 

46,150,000 

1873  . 

35,750,000 

71,750,000 

1861  .  . 

2,000,000 

45,000,000 

1874  . 

37,324,504 

70,815,490 

1862  .  . 

4,500,000 

43,700,000 

1875  . 

31,727,560 

65,195,410 

1863  .  . 

8,500,000 

48,500,000 

1876  . 

38,783,016 

78,712,182 

1864  .  . 

11,000,000 

57,100,000 

1877  . 

30,703,573 

86,090,963 

1865  .  . 

11,250,000 

64,475,000 

1878  . 

45,281,385 

96,487,745 

1866  .  . 

10,000,000 

63,500,000 

1870  . 

40,812,132 

79,711,990 

1867  .  . 

13,500,000 

65,225,000 

1880  . 

30,200,000 

75,200,000 

1868  .  . 

12,000,000 

60,000,000 

1881  . 

42,000,000 

78,600,000 

1860  .  . 

12,000,000 

61,500,000 

1882  . 

43,000,000 

77,700,000 

1870  .  . 

10,000,000 

66,000,000 

1883  . 

40,800,000 

79,800,000 

1884  . 

48.800,000  1 

79.600,000 

Such  enormous  productions  of  the  precious  metals  have  not 
been  without  their  influence  on  the  relative  value  of  gold  and 
silver  in  other  countries.  The  United  States  is  one  of  the  largest 
producers  of  the  precious  metals,  notwithstanding,  as  the  statistics 
show,  that  there  has  been  a  gradual  falling  off  in  the  production 
of  gold,  and  the  highest  limit  of  silver  appears  to  have  been  in 
the  year  1883.  Notwithstanding  the  continued  decrease  in  the 
production  of  the  Comstock  from  its  maximum  in  1877,  nearly 
822,000,000,  the  increase  in  Colorado  and  other  States  has  more 
than  compensated  for  it. 

The  amount  of  gold  consumed  in  the  United  States  for 
purposes  of  art  and  ornament  during  the  year  1879  was  larger 
than  for  several  previous  years.  The  following  Table  from  the 
Report  of  the  Director  of  the  Mint,  which  is  a  mine  of  information 
for  those  interested  in  the  production  and  distribution  of  the 
precious  metals,  gives  the  returns  of  the  New  York  Assay  Office 
for  that  year  : 


Uses  of  Silver  and  Gold. 
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Bars  Manufactured.* 


— 

Gold. 

Silver. 

Total. 

$ 

$ 

8 

From  United  States  coin  (defaced) 

4,029 

982 

5,011 

Foreign  coin  .... 

200,222 

72,GG8 

332,800 

,,  bullion  .... 

1,007,400 

278, G22 

1,280,022 

Domestic  „ 

2,088,422 

3.863,120 

0,851,548 

Plate,  &c . 

304,871 

144,992 

539,803 

Total  .... 

4,655,844 

4,300,300 

0,010,234 

From  the  whole  United  States  this  amount  is  much  larger ; 
but  leaving  out  the  foreign  bullion  altogether,  the  following  Table 
gives  the  estimate  of  the  total  gold  and  silver  used  in  the  whole 
United  States  for  industrial  purposes  during  the  year  1881 : 


— 

Silver. 

Gold. 

Domestic  bullion  .... 

United  States  coin  .  , 

Plate,  foreign  bullion,  and  coin  . 

8 

4,000,000 

600,000 

400,000 

8 

5,000,000 

2,500,000 

2,500,000 

Amount  consumed  . 

5,000,000 

^0,000,000 

The  consumption  of  the  precious  metals  toi  pui  poses 
art  and  ornament  has  been  the  subject  of  estimates  by  n  ) 
distinguished  statisticians,  but  at  the  best  can  only  be  aj  1 
mated.  In  1827  Humboldt  placed  it  at  375,000  ounces  or  one- 
fifth  of  the  world’s  production  at  that  time.  In  . 
estimated  it  at  two-thirds.  William  Jarob  estimated  .t  at 
988,000  ounces,  which  was  double  the  average  annua  P 
between  1821  and  1830.  Dr.  Soetbeer,  of  German},  g1%es 
following-  Tables  of  the  consumption  of  the  precious  me  * 
jewelry  and  other  industrial  purposes  in  the  various  c 
of  the  world  :f 

*  Report  of  the  Director  of  the  Mint,  1880,  p.  W-  ^ 

+  “  Engineering  and  Mining  Journal,”  vol.  xxxu’  p' 
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Consumption  of  Silver. 


Gold. 


Countries. 

Consumption, 
in  Ounces. 

Reduction  by 
Old  Material 
used. 

Total 

Consumption. 

United  States 

520,000 

10 

per 

cent. 

470,000 

Great  Britain 

703,000 

15 

per 

cent. 

598,000 

France  . 

739,000 

20 

per 

cent. 

591,000 

Germany  .... 

518,000 

20 

per 

cent. 

412,000 

Switzerland 

529,000 

25 

per 

cent. 

397,000 

Austria  .... 

102,000 

15 

per 

cent. 

87,000 

Italy . 

Russia  .... 

212,000 

25 

per 

cent. 

159,000 

100,000 

20 

per 

cent. 

85,000 

Other  countries  . 

170,000 

20 

per 

cent. 

141,000 

Total 

3,G14,000 

.. 

2,940,000 

Silver. 


Countries. 

Consumption, 
in  Ounces. 

Reduction  by 
Old  Material 
used. 

Total 

Consumption. 

$ 

$ 

9 

United  States 

4,233,000 

15  per  cent. 

3,789,000 

Great  Britain 

3,175,000 

20  per  cent. 

2,540,000 

France  .... 

3,528,000 

25  per  cent. 

2,040,000 

Austria-Bungary. 

1,411,000 

20  per  cent. 

1,129,000 

Switzerland 

1,129,000 

25  per  cent. 

847,000 

Italy . 

882,000 

25  per  cent. 

002,000 

Russia  .... 

1,411,000 

20  per  cent. 

1,129,000 

Germany  .... 

3,528,000 

25  per  cent. 

2,040,000 

Prussia  .... 

1,870,000 

1,411,000 

Total 

21,107,000 

... 

10,799,000 

The  following  Tables,  taken  from  the  Report  of  the  Director 
of  the  United  States  Mint  for  1884  (pp.  62  and  63),  give  the 
character  and  used  of  the  bullion  deposited  in  and  withdrawn 
from  the  New  York  Assay  Office  in  1884. 


Precious  Metals  used  in  the  Arts  ancl  Manufactures  in  the  United 

States. 


Deposits 

Gold. 

Silver. 

Of  United  States  coin  .... 
Of  foreign  coin  .... 

Of  foreign  bullion 

Of  plate,  &c . 

Of  domestic  bullion 

Total 

Large  gold  bars  exchanged  for  gold 
coin  and  redeposited  for  small  bars 
81,200,942.27,  less  the  charges  and 
fractions  paid  in  gold  coin 

Total 

$ 

1,171  25 
97,405  00 
250,225  14 
713,099  05 
3,553,157  04 

$ 

1,833  73 
03,184  30 
359,823  81 
100,025  07 
4,014,529  40 

4,015,118  14 

1,259,893  58 

5,205,990  97 

5,875,011  72 

TABLE  SHOWING  THE  VALUE  AND  CHARACTER  OF  THE  GOLD  AND  SILVER  USED  IN  THE  ARTS  AND 

MANUFACTURES  DURING  THE  CALENDAR  YEAR  1883. 


Uses  of  Gold, 


53 


TABLE  SHOWING  THE  VALUE  AND  CHARACTER  OF  THE  GOLD  AND  SILVER  USED  IN  THE  ARTS  AND 

MANUFACTURES  DURING  THE  CALENDAR  YEAR  18»3. 
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Uses  of  Silver . 
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Character  aiul  V  alue  of  the  Precious  Metals  reported  by  Manufacturers, 
Jewellers,  and  Others,  used  by  them  during  the  Calendar  Year  1883. 


Character. 

Gold. 

Silver. 

Total. 

United  States  coin 

Stamped  United  States  or  refinery 

$ 

$ 

$ 

4,875,587 

210,037 

5,092,224 

bars . 

Old  jewelry,  plate,  and  other  mate¬ 

7,137,701 

4,552,172 

11,089,933 

rials  . 

870,041 

221,951 

1,098,592 

Foreign  coin  ..... 

194,400 

154,273 

348,073 

Native  grains,  nuggets,  Sc c.  . 

702,387 

71,557  | 

773,944 

Wire,  or  rolled  plate 

072,088 

339,940  1 

1,012,028 

Value  . 

14,459,404 

5,550,530 

20,015,994 

Other  estimates  give  the  entire  consumption  of  the  precious 
metals  in  Europe  and  America  for  industrial  purposes  in  1880 
as  from  345,000,000  to  $55,000,000  in  gold,  and  from  $25,000,000 
to  $30,000,000  in  silver. 

From  1831  to  1880  the  estimated  consumption  of  gold  for 
industrial  purposes  was  73,000,000  ounces,  or  32.6  per  cent,  of 
that  produced.  For  silver  it  was  511,000,000,  or  25.2  per  cent. 

Of  the  world’s  product  of  bullion  it  is  estimated  that  one- 
third  is  used  up  and  lost  in  the  wear  and  tear  of  coins  and 
articles  made  for  use  or  ornament,  one-third  is  used  for  manu¬ 
facturing  purposes,  and  one-third  goes  to  supply  the  increased 
demands  of  trade.  The  amount  lost  by  the  abrasion  of  coins 
is  shown  by  the  fact  that  the  average  life  of  an  English 
sovereign  is  eighteen  years,  by  which  time  the  coin  has  lost 
three-quarters  of  a  grain  and  is  no  longer  a  legal  tender.  Dr. 
Soetbeer  states  that  the  annual  loss  from  this  source  in 
civilised  countries  reaches  28,000  ounces  of  gold  and  1,000,000 
ounces  of  silver. 

The  following  Table*  shows  the  amount  of  gold  and  silver 
produced  in  the  world  in  the  years  1877  to  1884 : 

*  Report  of  the  Director  of  the  Mint  for  1884. 


AMOUNT  OP  OOLD  AND  SILVER  PRODUCED  IN  TRE  WORLD  IN  THE  YEARS  1877  TO  1884. 
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Gold  and  Silver  in  the  World. 


WORLD  IN  THE  YEARS  1877  TO  1884— continued. 
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Production  of  Gold  and  Silver. 

These  Tables  show  that  the  United  States  is  by  far  the  greatest 
producer  of  the  precious  metals,  Russia  being  the  only  one  which 
produces  anything  like  as  much  gold,  and  Mexico  the  onh  one 
that  approaches  it  in  silver. 

The  amount  of  precious*  metals  sent  to  the  East,  the  greatei 
part  of  which  goes  to  India,  has  been  estimated  by  Dr.  Soetbeer  as : 

Gold,  Silver, 

in  Ounces.  in  Ounces. 

1831-1840  35,000  7,750,000 

1871-1880  423,000  38,000,000 

1831-1880  19,700,000  1,370,000,000 

In  the  period  from  1871-1880,  which  is  most  reliable,  the  con¬ 
sumption  of  gold  by  this  means  was  47,000  ounces,  and  of  silver 
4,200,000  ounces.  In  India  alone  the  imports  in  the  last  forty 
years  have  exceeded  the  exports  of  these  metals  by  $400,000,000, 
of  which  only  $8,000,000  have  been  coined  as  money. 

The  amount  of  the  precious  metal  hoarded  or  put  out  of  cir¬ 
culation  either  as  objects  of  art  or  ornament  is  becoming  greater 
with  every  decade.  It  appears  from  the  data  given,  page  52, 
that  the  total  annual  consumption  of  the  precious  metals  for 
purposes  other  than  coinage  is  about  3, GOO, 000  ounces  of  gold 
and  21,000,000  of  silver.  It  has  been  estimated  that  the  entire 
amount  of  gold  now  in  the  world  is  only  equal  to  that  which 
has  been  produced  in  the  last  twenty-five  years,  and  that  of 
silver  to  that  produced  in  the  last  eighty  years.  No  one  has  as 
yet  been  able  to  satisfactorily  explain  what  has  become  of  all  the 
rest  of  the  precious  metals. 

Only  an  estimate  can  be  made  of  their  wear  and  tear,  which 
is  an  irretrievable  loss,  either  in  the  abrasion  of  coin  or  in 
the  use  of  leaf  or  of  the  pure  metals  for  plating  purposes.  Add 
to  this  the  amount  lost  in  lead,  copper,  and  other  metals,  which 
do  not  contain  enough  of  it  to  separate,  and  it  is  not  a  matter  of 
surprise  that,  notwithstanding  the  enormous  yearly  increase,  the 
estimate  of  the  total  amount  supposed  to  exist  in  the  world 
during  any  period  is  not  perceptibly  greater. 

In  all  the  methods  for  the  extraction  of  the  precious  metals, 
>cre  are  considerable  losses.  With  the  perfection  of  processes 

*  “Engineering  and  Mining  Journal,”  vol.  xxxii.  p.  183. 
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Wear  and  Tear  of  Silver. 

the  main  object  is  to  reduce  them,  or  else  to  cheapen  the  labour 
of  extracting  the  ores.  These  losses  are  greater  than  is  usually 
supposed,  because  as  a  general  rule  systematic  assays  of  the 
tails  are  not  made.  Yet  it  is  known  that  the  tails  contain  pre¬ 
cious  metals,  and  they  are  sometimes  re-worked  with  profit, 
especially  those  from  the  silver  mines.  An  interesting  investi¬ 
gation  was  made  some  years  ago,  the  results  of  which  are  given 
below*  showing  the  great  loss  in  some  of  the  mills. 


— 

Yield  of 
Ore  in  the 
Mill. 

Remaining 

Gold. 

in  Tails. 

Silver. 

Total 
in  Tails. 

At  the  mill  .... 

$ 

$ 

$ 

$ 

18  GO 

10  04 

3  14 

13  18 

Same  tailings  350  ft.  from 

mill . 

18  00 

5  02 

3  92 

8  98 

Average  yield  of  150  tons  . 

3  50 

13  55 

<;  28 

18  83 

3  50 

8  79 

G2  8 

15  07 

Slime  from  end  of  sluice 

310  ft.  long 

... 

5G  00 

33  30 

89  00 

It  was  also  found  that  water  from  the  mills  three-fourths  of 
a  mile  below  them  contained  in  suspension,  as  an  average  of 
twelve  assays,  $0,018  per  gallon.  There  were  in  this  locality 
576,000  gallons  of  this  water  flowing  away  in  24  hours,  or 
a  loss  of  $339.84.  It  was  estimated  that  the  annual  loss  of 
two  mills  working  250  da}rs  in  the  year  was  $84,960.  From 
these  and  similar  data  the  conclusion  is  drawn,  that  the  loss  is 
between  50  per  cent,  and  60  per  cent,  of  the  total  yield  of  the 
ore. 

It  is  a  matter  of  great  interest  to  ascertain  what  the  cause 
of  these  losses  is,  in  order  to  learn  how  far  they  are  capable  of 
remedy.  The  first  of  these  is  undoubtedly  a  desire  to  get  the 
largest  possible  output  from  the  mill.  This  makes  the  ore  too 
coarse  to  have  all  the  gold  and  silver  amalgamate,  as  part  of  it 
may  not  be  released  from  the  gangue.  It  would  be  much  better 
to  get  the  output  by  a  more  careful  sizing  of  the  ore,  not  forcing 
the  stamp  to  do  the  work  of  a  Blake’s  crusher,  and  not  sending 
to  the  mortars  any  ore  fine  enough  to  pass  the  screens.  This 

Report  of  the  United  States  Mining  Commissioner,  1872,  p.  17. 
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Losses. 


is  a  matter  of  some  importance,  for  it  has  been  found,  with  all 
kinds  of  stamps  using  screens,  that  it  takes  just  as  long  to  get 
crushed  ore  which  has  already  passed  the  screens  out  of  the 
mortar,  as  it  does  to  crush  and  force  it  out.  Too  fine  crushing 
is  also  quite  as  bad,  for  it  produces  “  float,”  and  is  quite  likely 
to  put  the  precious  metals  in  a  condition  in  which  they  will  not 
amalgamate. 


Supposing  that  the  losses  which  result  from  improper  working 
do  not  exist,  there  are  a  few  causes  of  loss  which  do  not  always 
amount  to  much,  but  which,  in  the  early  days,  were  a  source  of 
considerable  loss.  It  has  been  found  that  any  holes  in  the  cast¬ 
ings  of  the  stamps,  pans,  &c.,  will  attract  the  amalgam,  and  that 
it  will  even  be  carried  into  holes  deep  in  the  interior  of  the  piece. 
This  was  a  source  of  profit  in  the  early  days  to  those  who  re¬ 
covered  the  precious  metals  when  the  worn-out  castings  were 
melted.  Another  loss  may  he  in  cleaning  the  plates  hy  taking 
oft*  the  amalgam  too  thoroughly.  It  is  a  well-known  fact  that 
new  plates  do  not  act  as  readily  as  old  ones ;  the  difference  is 
so  great,  that  wdien  the  mills  can  afford  it,  newr  plates  are  coated 
with  gold  or  silver  amalgam.  Gold  and  silver  will  go  much 
quicker  to  amalgam  than  to  mercury.  Too  slow  a  current  of 
water  will  keep  the  surface  of  the  plates  covered  with  a  film 
of  sand ;  a  too  rapid  current  will  prevent  the  gold  from  bein<r 
caught.  If  the  gold  is  attached  to  a  piece  of  the  gangue  rock 
which  is  relatively  large,  the  specific  gravity  may  be  so  reduced 
as  to  prevent  the  particles  from  coming  in  contact  with  the 
“Z*  n  arC  lGft  t0°  lonS  without  washing, 

lost  if  ii  rrs  charged>  the  fine  particies  °f  g°id  ■» 

For  if  the  CaUSCS  °f  l0SS  ^  aV°ided’  thei'e  are  stiI1  others‘ 

tie  Cu  k'r1718  n0t  ClGan  °r  made  80  ky  chemicals 

the  quick,  having  an  extremely  thin  film  upon  it  does  not 

to  aUP°n  li 10  S;ld  01  SdVer‘  Exactly  the  same  effect  is  produced 

1*™  It;!;  ™ lhe  is  b  a. " 

are  ton  t  yd,lated  lnagnesian  and  aluminous  rocks.  If  there 
o  few  amalgamating  machines  if  1  • 
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steam  fresh  from  the  boiler,  which  prevents  flouring  by  the  ex- 
pansion  of  the  globules.  If  steam  from  the  engine"^  used  as  a 
matter  of  economy,  it  often  increases  the  loss,  as  very  minute 
particles  of  grease  are  always  carried  off  with  it,  which  coat  the 
mercury,  and  prevent  its  coming  in  contact  with  the  gold.  The 
cause  ot  the  losses  on  the  concentrates  has  already  been  discussed. 
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CHAPTER  I 


SILVER  ORES  AND  SAMPLING. 


The  gold  and  silver  in  the  ores  of  the  United  States  are 
confined  to  the  region  lying  between  the  Rocky  Mountains  and 
the  Pacific  Coast  Range.  The  eastern  part  of  the  United  States 
furnishes  very  little  material  which  can  be  treated  for  gold  and 
silver,  except  the  alluvial  sands  of  the  Southern  States,  and  a  few 
copper  ores  which  cannot  be  amalgamated,  and  which  have  never 
been  smelted. 


The  eastern  coast  of  Massachusetts,  and  of  Maine,  has  furnished 
small  quantities  of  tetrahedrite  containing  considerable  silver,  but 
the  amount  has  been  very  uncertain,  and  the  grade  is  low  ;  the 
treatment  is  difficult,  and  they  have  been  abandoned  or  worked 
only  in  a  very  small  way. 

The  great  silver-producing  region  of  the  United  States  lies,  there¬ 
fore,  in  the  Rocky  Mountains  and  west  of  them.  The  ores  them¬ 
selves  comprise  every  possible  variety  both  in  their  mineralogical 
constituents  and  in  their  richness.  They  will  generally  be  divided 
according  to  their  mode  of  occurrence,  those  in  which  the  silver 
and  gold  are  combined  with  some  other  metal  which  requires 
smelting  for  their  separation,  those  in  which  the  ore  may  be 
treated  directly  or  indirectly  with  mercury,  and  those  which  must 
be  leached  l  ie  ores  which  are  to  be  smelted  are  composed  of  ores 

like  rg  Ti’  aC- n  &re  themselves  divided  oxidised  ores 

witwl  aml  °f  UUh>  which  are  smelted  directly 

“XT*?  th0Se  Which  are  C01nP°Sed  of  sulphurets 
iei  fiee  from  °r  mixed  with  other  metals  such  as 

ores  “contohdnor  V  **d  P-  or  impur’e ' coppm- 

which  Mother  o  PTUS  “etalS  in  Variable  quantities  to 
—  5  0thC1  °reS  eontuimng  gold  and  silver  may  be  added. 


The  furnaces  in  which  lead 


ores  are  used  are  exclusively  of  the 
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shaft  furnace  type.  The  reverberatory  furnace  is  not  generally 
applicable  to  the  conditions  under  which  these  ores  are  found. 
Sulphurets,  if  they  are  pure,  are  simply  roasted  and  treated 
in  the  shaft  furnace,  or,  if  they  are  impure,  an  etfort  is  made  to 
separate  the  impurities  as  far  as  possible  by  hand-picking  and 
further  concentration,  and  then  the  materials  are  smelted  in 
the  shaft  furnace,  and  if  much  copper  is  present  the  result  will 
be  a  copper  matte  which  will  always  contain  more  or  less 
silver  and  gold,  and  the  lead  which  contains  the  rest  of  the 
precious  metal  is  treated  by  itself.  Usually  the  copper  mattes 
produced  in  the  fusion  of  lead  ores  are  sent  abroad  for  treatment. 
They  are,  when  made  from  shaft  furnaces,  never  treated  in  the 
works  where  they  are  produced.  They  contain  a  considerable 
percentage  of  the  gold  and  silver.  The  Boston  and  Colorado 
Works,  at  Denver,  and  the  works  of  Pope,  Cole  and  Co.,  in 
Baltimore,  treat  almost  exclusively  copper  ores  containing  gold 
and  silver,  in  reverberatory  furnaces,  and  separate  the  gold  and 
silver  from  a  copper  matte. 

The  lead  in  which  the  silver  and  gold  is  contained  is  univer¬ 
sally  treated  by  the  zinc  desilverisation  process.  No  other  process 
of  separation  has  been  used  to  any  extent*  in  the  United  States. 
An  establishment  for  patisonnage  was  erected  in  Bloomfield,  New 
Jersey,  previous  to  the  war,  but  it  never  was  successful,  and  it 
would  be  difficult  to  find  even  the  ruins  at  this  day.  The  process 
by  desilverisation  has  been  elaborated  so  that  it  is  much  more 
economical  to  concentrate  the  silver  in  the  lead  by  this  means 
than  to  attempt  to  concentrate  it  in  any  other  way.  It  has  been 
successfully  used  in  a  large  number  of  establishments.  The 
steps  by  which  the  present  process  has  been  arrived  at  it  will  be 
given  in  detail. 

When  the  lead  ores  contain  copper  it  does  not  of  necessity 
make  any  complication  in  the  process  further  than  the  production 
of  a  copper  matte,  thus  dividing  the  silver  contents  of  the  ores. 
This  copper  matte  can  bo  easily  separated  from  the  lead  and 
concentrated  by  subsequent  roasting  and  fusion,  while  the  small 
amount  of  copper  contained  in  the  lead  can  be  easily  refined  out. 

When  the  gold  and  silver  ores  are  found  in  copper  ores,  pro- 
*  The  ltozan  process  is  used  at  Eureka,  Nevada. 


04  Treatment  of  Silver  Ores. 

perly  speaking,  those  which  contain  lead  enough  to  be  smelted  lor 
lead  ores,  are  separated  by  hand-picking  where  that  is  practicable. 
Where  it  is  not  practicable  the  ores  are  simply  added  to  those 
containing  copper,  care  being  taken  to  add  only  such  quantities 
as  will  not  interfere  with  the  treatment  in  the  furnaces,  and  they 
are  then  treated  as  ordinary  copper  ores,  the  lead  being  entirely 
lost.  This  is  done  in  the  Boston  and  Colorado  works,  which  will 
be  described  in  detail.  The  silver  ores,  properly  speaking,  are 
treated  according  as  they  contain  more  sulphur,  that  is,  are 
“  heavy,”  or  those  which  are  free  milling.  The  former  must  be 
crushed  and  roasted.  This  is  done  in  a  large  number  of  furnaces 
which  will  be  described,  the  roasting  being  the  chlorurising 
roasting  in  order  to  get  the  silver  into  such  a  condition  that  it 
will  be  easily  attacked  by  the  mercury.  Free-milling  ores 
are  treated  without  roasting ;  they  are  simply  crushed.  This 
crushing  has  given  rise  to  a  very  elaborate  machinery  which  is 
used  for  the  purpose,  which  will  be  described  in  detail.  The 
machinery  grew  little  by  little  from  the  old  German  methods  of 
crushing,  until  there  ceased  to  be  any  resemblance  between  the 
type  of  the  stamp  from  which  they  originated,  and  the  modern 
mill.  Until  within  a  very  few  years  it  was  supposed,  on  account 
of  some  experiments  which  have  been  made  in  Lake  Superior  on 
ores  not  adapted  to  them  and  which  had  failed,  that  rolls  could  not 
be  used  in  the  United  States.  We  are  gradually  coming  back 
from  that  opinion,  and  the  stamp  mill,  except  under  certain  very 
peculiar  conditions,  has  probably  seen  its  best  days. 

When,  however,  the  ores  are  not  adapted  for  any  of  these 
processes,  if  they  are  rich  enough  they  are  treated  by  lixiviation 
by  the  V  on  Patera’s  or  some  kindred  process,  they  should  not 
however  contain  any  considerable  quantity  of  base  metal.  Until 
the  beginning  of  the  year  1884,  leaching  had  been  applied  to  ores 
containing  only  a  very  small  quantity  of  lead,  because  the  lead 
was  soluble  in  the  dissolving  medium.  Since  that  time  Mr.  E. 
H.  Russell  has  invented  a  process  which  seems  likely  to  make  an 
entire  revolution  in  this  respect.  As  by  this  process  all  the  lead  can 
be  precipitated  and  the  liquor  regenerated  while  the  base  metals 
such  as  copper,  can  all  be  saved,  there  seems  to  be  a  great  future' 
for  this  process.  This  renders  available  a  very  large  quantity  of  ores 
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so  poor  that  they  cannot  be  treated  by  any  of  the  other  processes, 
and  will  probably  make  it  possible  to  treat  very  large  quantities 
of  tails  where  these  have  been  stocked  in  tail  reservoirs,  as  the 
cost  of  extraction  is  so  very  small  that  ores  of  very  low  trrade 
can  be  treated. 

It  will  thus  be  seen  that  Western  gold  and  silver  ores  are,  for 
metallurgical  purposes,  divided  into  four  classes  : 

1.  Those  which  contain  copper  enough  to  be  smelted  for  copper 

from  which  the  gold  and  silver  is  extracted  in  the  wet  way, 
as  is  the  practice  of  the  Boston  and  Colorado  works ; 

2.  Those  in  which  there  is  a  large  quantity  of  lead,  which  can 

be  smelted  for  lead,  and  the  gold  and  silver  extracted 
from  it ; 

3.  Ores  in  which  there  is  neither  copper  or  lead  enough  to 

allow  of  a  process  of  smelting,  but  which  can  be  treated  in 
pans,  these  ores  being  “  free  milling  ”  if  they  require  no 
metallurgical  treatment,  or  “  rebellious  ”  if  they  have  to  be 
roasted  with  or  without  the  addition  of  salt ; 

4*.  Ores  which  do  not  contain  enough  either  of  lead  or  copper 
for  smelting,  which  are  poor  both  in  silver  and  gold, 
contain  large  amounts  of  sulphur,  arsenic,  and  antimony, 
and  cannot  be  treated  in  many  places  in  the  West  by  any 
of  these  processes,  and  which  can  only  be  treated  by 
leaching. 

Roasting  with  salt  would  convert  the  base  metals  as  well 

as  the  silver  into  chlorides,  and  would  give  in  the  amalga¬ 
mation  a  very  base  bullion.  The  expense  of  the  process 

vould  be  so  great  that  the  margin  of  profit  would  be  very 

small,  the  reason  being  that  for  the  ordinary  process  of  pan 

amalgamation,  which  is  the  only  one  suitable  for  ores  containing 
small  amounts  of  the  base  metals,  and  poor  in  silver  and  gold,  the 
cost  of  a  plant  for  milling  is  so  large  as  not  to  justify  the  expense 
o  ti  eating  such  ores.  The  electrolytic  processes  which  have 
partially  successful  in  Europe  have  not,  strictly  speaking, 

^  e  exPe*i mental  stage  here.  While  in  the  near  future 

}  undoubtedly  be  used,  it  is  hardly  possible  to  consider 
t  len  now .  \\  orks  can  on2y  ^  erected  near  great  centres  of  popu- 
where  the  amount  of  ore  to  be  treated  is  so  very  lar^e 
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that  it  would  justify  a  very  expensive  plant.  When  the  trial 
period  is  passed,  this  method  will  undoubtedly  be  applicable  to 
many  ores  whose  treatment  Is  not  now  even  discussed  as  possible. 
There  are  very  large  quantities  of  low-grade  ores  containing 
about  10  to  20  ounces  of  silver,  with  little  or  no  gold,  to  the  ton, 
which  might  be  treated  if  a  not  very  expensive  plant  could 

be  used.  . 

All  the  ores,  whether  they  are  to  be  treated  by  the  mine  or  by 

custom  mills,  or  whether  they  are  to  be  sold,  require  to  be  assayed  ; 
in  order  to  do  this  they  must  be  sampled,  and  as  mine  sampling 
on  coarse  ore  cannot  be  relied  upon  for  determining  the  value  of 
the  precious  metals  contained,  the  ore  must  be  crushed  in  order 
to  get  it  into  its  proper  condition  for  making  the  assay.  The 
taking  of  the  sample  in  such  cases  is  difficult,  because  in  many  of 
the  ores  there  are  either  metallic  materials  like  silver  and  gold, 
or  there  are  mineral  compounds  like  the  sulphide,  the  chlorides, 
and  bromides  of  silver,  which  are  themselves  malleable,  and  for 
this  reason  render  the  assay  difficult.  In  such  a  case  as  this,  the 
sifting  must  be  done  very  carefully,  and  whatever  remains  behind 
on  the  sieve  as  malleable  material  must  be  assayed  as  a  whole 
and  not  sampled,  while  that  which  passes  through  may  be 
sampled  and  the  total  value  of  the  ore  ascertained  by  calculation. 
As  this  sampling  is  extremely  difficult  when  done  by  hand,  there 
are  usually  some  appliances  by  which  it  is  done  more  or  less 
mechanically,  so  that  for  the  sample  to  be  taken  for  the  laboratory 
about  one-tenth  of  the  total  ore  passing  through  the  stamps  or 
rolls  is  collected  from  which  to  take  the  assay  sample.  As  far 
as  possible  this  is  done  automatically,  and  there  are  very  many 
ingenious  contrivances  in  the  different  mills  for  doing  this  work 
upon  the  ore.  In  some  dry  crushing  mills  the  sample  is  taken 
from  under  the  crusher  by  causing  a  box  to  pass  under  the 
mouth  at  certain  intervals,  remaining  there  only  just  long  enough 
to  be  filled,  and  then  being  withdrawn  and  dumped.  In  others 
it  is  done  in  front  of  the  stamp  screens  by  means  of  the  endless 
chain  which  conveys  the  ore  to  the  hopper  from  which  it  is 
charged  into  the  roasting  furnace.  The  conveyor  is  so  arranged 
that  every  tenth  bucket  tips  into  a  box  instead  of  being  carried 
up  by  the  elevator.  In  other  cases  a  wheel  with  buckets  is  used, 
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the  bottoms  of  a  given  number  of  which  are  removed,  so  that  the 
ore  during  the  time  of  its  passage  falls  into  a  collecting  box 
below,  or  a  single  box  rotating  on  a  shaft  at  a  given  velocity 
is  placed  directly  in  front  of  the  stamp  and  discharges  its 
contents  as  it  revolves  into  a  receptacle  from  which  it  is  from 
time  to  time  collected.  A  given  proportion  of  the  whole  quantity 
of  ore  is  thus  collected  in  a  stated  time.  It  follows  necessarily 
in  such  a  case  as  this  that  the  ore  must  be  dry  or  dried  before 
this  can  be  done.  Below  is  given  a  description  of  the  very 
ingenious  way  by  which  this  sampling  was  formerly  done  in  two 
of  the  Colorado  mills  at  the  Lebanon  Mine  and  Bennett’s  Mill. 

At  the  Lebanon  Mine  Company’s  Works,  the  ore  from  the 
crusher  is  raised  by  an  endless  chain,  and  is  charged  into  a  bin 
from  the  bottom  of  which  a  funnel  A  (see  annexed  diagram),  12  in. 
high  and  20  in.  in  diameter  at  the  top,  with  an  opening  2  in.  in 
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diameter  at  the  bottom,  discharges  the  ore  over  the  sampler  B  C. 
This  funnel  is  covered  with  a  coarse  screen  to  keep  out  pieces  of 
ore  of  too  large  a  size,  pieces  of  wood,  leather,  or  any  other 
mateiial  which  should  not  pass  over  the  sampler  but  which 
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might  be  carried  up  by  the  chain.  The  sampler  consists  of  a  cone 
B,  the  apex  of  which  is  exactly  in  the  centre  of  the  discharge 
tube  of  the  funnel  A,  and  2J  in.  below  it.  The  cone  B  is  20  in. 
high,  and  24  in.  in  diameter  at  its  base.  At  this  point  another 
cone  C  is  securely  fastened  to  it  by  its  base,  and  from  the  small 
end  of  the  lower  cone  a  discharge  pipe  2  jn.  in  diameter  leads  to 
a  wooden  receptacle  below.  The  upper  cone  has  four  holes  at 
equal  distances,  these  commencing  at  10  in.  from  its  apex.  They 
are  1  in.  wide  at  the  top,  and  8  in.  at  the  bottom,  and  6  in.  long. 
All  of  the  ore  discharged  into  the  upper  funnel  falls  over  this 
upper  cone,  and  part  of  it  passes  through  these  holes,  and  falls 
into  the  receptacle,  where  it  is  collected.  The  size  of  these  holes 
is  such  that  the  sample  obtained  will  be  8  per  cent,  of  the  ore. 
They  can,  however,  be  arranged  to  give  a  larger  or  smaller  supply 
by  increasing  or  diminishing  their  size.  It  is  necessary  to  have 
a  considerable  number  of  extra  caps  for  the  cone,  as  the  ore 
falling  constantly  upon  them  wears  them  out  rapidly,  and  they 
must  be  replaced.  All  of  the  ore  which  is  discharged  from  the 
cone  goes  into  a  bin  to  be  bagged  for  shipment. 

When  the  whole  of  the  ore  to  be  sampled  has  passed  over  the 
sampler,  the  first  sample  collected  is  thrown  back  again  into  the 
upper  hopper,  and  this  is  repeated  several  times  until  it  is  re¬ 
duced  to  about  40  lb.  It  is  then  passed  through  a  sieve  of  40  to 
the  inch,  and  the  ordinary  sample  for  assay  taken  of  it.  All  the 
rest  of  the  first  sample  is  bagged  to  be  sold  or  treated. 

At  Bennetts  Mill  the  sample  is  taken  somewhat  differently. 
The  ore  is  raised  to  two  Cornish  rolls  A,  Figs.  4  and  5,  from 
which  it  is  discharged  into  a  hopper.  This  hopper  has  a  trough 
at  the  bottom,  which  is  provided  with  a  slanting  shelf  B  at  an 
angle  of  50  deg.,  which  is  divided  into  nine  equal  parts,  six  of 
which  open  on  to  another  inclined  shelf  G.  At  the  end  of  the 
shelf  B,  an  opening  one-half  times  as  wide  as  the  openings  in  the 
shelf  leads  down  to  the  discharging  trough  J.  The  shelf  G  has 
the  same  angle  of  inclination  as  the  shelf  B,  but  is  at  right 
angles  to  it,  and  is  divided  into  ten  equal  parts  with  five  open¬ 
ings.  The  ore  which  passes  over  this  shelf  is  discharged  into  the 
slide  J.  What  passes  through  it  is  discharged  on  to  another 
shell  li  at  right  angles  to  G,  but  with  the  same  inclination  and 
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parallel  to  the  shelf  B.  This  shelf  is  also  divided  into  ten  equal 
parts  with  five  openings.  What  passes  over  it  goes  to  the  dis- 


charge  spout  J,  and  what  goes  through  it  goes  to  the  sample  spout 
I,  where  it  is  collected,  and  the  assay  sample  taken  from  it.* 

The  whole  of  the  ore  from  the  sampler  is  carefully  made  into 
a  conical  pile.  From  different  parts  of  it  with  a  motion  towards 
the  centre,  and  up  and  down  from  the  bottom  and  diagonally 
across,  samples  are  taken  with  a  scoop,  Fig.  12.  When  the  pile  is 
very  much  broken  and  has  lost  its  shape,  it  is  turned  over  and 
reformed,  and  the  operation  commenced  again,  and  continued 
until  the  material  collected  amounts  to  a  pailful.  It  is  then 
poured,  for  the  convenience  of  handling  it,  into  an  ordinary  miner’s 
gold  pan,  Fig.  6,  which  is  16  in.  in  diameter  at  the  top,  10  in. 
at  the  bottom,  3  in.  high,  and  is  then  turned  on  to  a  box  made  of 
tin,  which  is  very  often  arranged  with  a  handle,  so  as  to  be  used 
as  a  shovel  to  take  a  sample  in  a  pile,  17  in.  square,  divided  into 
17  divisions  1  in.  wide,  Fig.  7.  Eight  of  these  divisions  have 
bottoms  and  catch  the  ore,  and  nine  are  open  and  allow  the  ore 
to  fall  on  to  the  floor.  When  the  box  is  filled  with  ore  it  is 

Another  ingenious  sampling  machine  is  described  in  the  School  of  Minos 
Report,  vol.  in.,  p.  257. 
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made  even  on  the  top,  the  residue  falling  from  the  sides,  if  any, 
being  carefully  collected  and  put  back  into  the  pan,  the  box  is 
then  lifted,  and  what  remains  on  the  floor  is  returned  to  the  ore 
bin.  What  remains  in  the  box  is  put  on  one  side.  This  opera¬ 
tion  is  repeated  until  the  sample  is  exhausted.  What  has  been 
collected  in  the  boxes  is  now  put  through  another  box  of  the 
same  kind,  Fig.  8,  which  is  12  in.  square,  3  in.  high,  and  has  23 
divisions,  ten  of  which  catch  the  ore.  What  remains  in  the  box 
is  put  on  one  side  as  before,  and  the  rest  returned  to  the  ore  bin. 
The  sample  collected  is  thrown  on  to  a  sieve,  which  has  a  wooden 
frame  16  in.  by  12  in.,  and  41  in.  high.  This  sieve  is  three  to 
the  inch.  What  will  not  pass  the  sieve  is  broken  on  the  cast- 
iron  plate,  which  is  59  in.  square  and  1  in.  thick,  with  a  grinder 
to  which  a  backward  and  forward  motion  is  givea  This  grinder 
is  cast  flat,  but  is  rapidly  worn,  so  has  to  have  a  rounded  surface, 
as  shown  in  Fig.  9.  The  ground  ore  is  then  returned  to  the  box 
shown  in  Fig.  8,  and  put  through  two  or  three  times,  depending 
on  the  size  of  the  sample.  It  will  then  have  been  reduced  to  3  lb. 
or  4  lb.  What  has  remained  in  the  box  is  poured  on  to  a  sieve, 
which  has  a  tin  frame,  and  is  12  in.  in  diameter,  31  in.  high,  and 
has  14  meshes  to  the  inch.  What  does  not  go  through  is  again 


giound,  and  is  added  to  what  has  already  passed.  It  is  then 
thoroughly  mixed  in  the  pan,  Fig.  G,  with  a  suitable  shovel,  and 
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again  put  through  the  box  shown,  Fig.  8.  The  sample  will  now 
be  reduced  to  a  little  less  than  a  pint.  It  is  emptied  through  the 
funnel,  Fig.  10,  into  a  can,  and  goes  to  the  assay  office.  At  the 
assay  office  it  is  still  further  reduced  in  bulk.  The  assay  office 
sampler  is  like  those  shown  by  Figs.  4  and  5,  but  it  is  much 
smaller.  It  is  7  in.  by  6  in.  and  J  in.  high,  and  has  six  divisions 
to  catch  the  ore,  and  seven  open  ones.  The  sample  is  put  through 
these  until  it  is  reduced  one-half.  It  is  then  ground  with  a  small 
grinder,  Fig.  13,  on  a  cast-iron  plate  20  in.  by  18  in.  and  1  in. 
thick,  which  is  surrounded  by  a  wooden  frame  which  projects 
about  1  in.  above  the  top,  and  fits  it  so  loosely  that  it  can  be 
easily  removed.  The  ground  ore  is  now  put  through  a  seventy- 
to-the-inch  sieve,  and  is  then  ready  for  the  ordinary  assay.  This 
method  of  sampling  appears  complicated  from  the  description. 
It  is,  however,  very  simple,  and  the  sample  is  very  quickly  taken. 
The  method  is  very  easily  learned  by  any  workman  who  has  in¬ 
telligence  enough  to  work  in  any  part  of  a  sampling  mill.  The 
apparatus  required  is  very  inexpensive,  and  the  sample  is  much 
more  likely  to  represent  the  real  value  of  the  ore  than  samples 
which  are  taken  in  the  usual  way. 

It  is  objected  to  all  of  these  methods*  that  they  take  only  a 
part  of  the  stream  of  ore,  and  that  the  part  so  taken  does  not 
represent  the  whole.  It  is  well  known  that  the  largest  part  of 
any  crushed  ore  will  be  very  much  finer  than  the  sieve  through 
which  it  passes.  There  is  therefore  in  a  falling  stream  a  tendency 
for  the  large  and  rapidly  falling  pieces  to  take  the  centre  and  the 
finer  ores  to  be  detained  longer  at  the  sides.  The  whole  stream 
does  not  therefore  exist  as  a  homogeneous  mass  which  is  the 
principle  upon  which  all  these  systems  of  taking  samples  depend. 
It  is  therefore  proposed  to  have  the  stream  of  ore  fall  vertically, 
and  so  to  arrange  a  part  of  the  spout  through  which  it  falls  that, 
by  turning  a  valve  automatically  at  given  intervals,  the  whole  of 
the  stream  of  ore  may  be  turned  into  a  sampling  box  during 
fixed  periods  of  time,  and  turned  out  again,  so  that  the  amount 
collected  shall  accurately  represent  the  condition  of  the  whole  of 
the  ore  at  certain  intervals.  This  method  has  given  excellent 
results. 

*  Trans.  Am.  Inst.  Min.  Engs.,  vol.  xiii.,  p.  G39. 
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At  the  Wyandotte  Works,  the  sample  is  taken  very  simply. 
The  ore,  crushed  fine  with  the  crushers,  Figs.  9  and  13,  is  spread 
evenly  over  an  iron  plate,  and  the  sampler,  Fig.  14,  which  is  simply 


two  iron  bars  bent  at  right  angles  and  rivetted  together,  is  put 
dow  n  on  it,  separating  the  ore  into  four  parts  ;  opposite  parts  are 
taken,  a  new  pile  made  and  divided  in  the  same  way,  and  so  on 
until  the  sample  is  complete. 

Each  lot  of  ore  brought  to  the  works  is  kept  separate  as 
far  as  possible.  They  are  not,  however,  treated  separately,  as 
this  would  involve  too  much  trouble  and  expense.  The  separa¬ 
tion  is  onlj  made  so  as  to  treat  material  of  about  the  same  value 
ogether,  or  to  add  it,  in  the  treatment,  as  different  parts  of  the 
process  require  it  The  owners  are  either  paid  for  it  at  prices 
S1'er  and  Iead>  whieh  are  fixed  by  the  works  or 
V  market’  °r  the  meta,s  when  separated  are 
loss  and  profit  °Wner>  a  Certain  sum  beblS  deducted  for  expenses, 

dr tron:  hp 

as  to  take  the  «q  in  ns  0  a  P1*0^  which  is  arranged  so 
that  has  settled  or  the  ^  Wh°le  heiSht  of  the  material 

out  upon  the  floor  in^1"15,0  ^ taken  from  the  materials  thrown 
has  be^n  col  ecteTa^d  ^  °f  **  ^  and  sufficient 

-  get  at  the  exact  v“uetf  the  ^  “ 

however,  for  any  re^n  ft  £V  T  °  ^  ^ 

generally  taken  from  the  nans  t),  °  t0  d°  tbis  a  ,sarnPle  is 

has  been  in  motion  for  about  afl,  ves  aft*r  the  whole  material 
about  an  hour.  To  do  this  about  a 
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pound  is  taken  from  every  pan  before  the  mercury  is  added,  and 
made  into  a  sample.  After  the  mercury  is  added,  in  order  to  know 
the  amount  of  material  amalgamated,  the  sample  is  taken  after 
all  the  foreign  material  has  been  washed  out  of  the  pan.  A 
certain  portion  of  the  tails  is  then  allowed  to  settle  and  the 
sample  taken,  and  these  three  should  give  concurrent  results. 
They  rarely  do,  however,  for  the  reason  that  it  is  extremely 
difficult  to  take  this  assay  without  using  some  judgment,  and 
wherever  judgment  is  used  the  sample  will  of  necessity  be  too 
rich.  No  satisfactory  automatic  way  of  taking  the  sample 
from  the  pans  has  yet  been  devised.  It  is  extremely  difficult 
to  be  quite  sure  that  all  the  mercury  has  settled.  It  is  also 
extremely  difficult  to  take  off  with  the  tails,  material  that  will 
not  be  richer  or  poorer  than  it  should  be  by  any  automatic  method. 
In  some  works  the  sample  is  taken  from  the  cars,  a  shovel  being 
put  into  a  box  at  given  intervals,  and  the  whole,  after  a  specified 
time,  sampled. 

In  taking  samples  from  the  reverberatory  furnace  a  few  ounces 
are  taken  in  different  parts  of  the  furnace  every  hour  throughout 
the  twenty-four,  and  these  made  into  a  sample.  In  the  revolving 
furnaces  a  ladle  on  a  long  iron  handle  is  run  into  the  furnace 
every  hour  to  catch  the  ore  as  it  is  thrown  upon  the  sides  during 
the  rotation  of  the  cylinder. 

In  the  Stetefeldt  furnace  the  assays  can  be  taken  through  the 
doors  below  by  means  of  a  ladle  upon  a  long  handle  which  iun 
into  the  furnace,  the  operation  being  repeated  at  regular  intervals 
until  there  is  enough  for  an  assay ;  or  as  all  the  ore  falls  into 
hoppers  below,  the  chloruration  is  easily  determined  from  the 
bins.  Separate  assay  must  in  every  case  be  taken  from  the  s  a  t 
and  from  the  flue. 
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CHAPTER  II. 


ZINC  DESILVERIZATION. 

When  lead  ores  contain  silver,  or  when  it  occurs  in  other 
ores  in  districts  where  lead  ores  can  be  had,  they  are  smelted 
alone  or  together  and  the  silver  afterwards  separated  from  the 
lead.  The  silver  is  either  extracted  on  the  spot  or  more  generally 
sent  to  the  East  to  be  separated  there.  This  material  is  called 
“  base  bullion,”  a  very  improper  name,  since  it  is  not  bullion  at 
all,  but  only  argentiferous  or  work-lead ;  and  although  this  term 
is  current  in  the  West,  it  should  not  be  adopted  in  technical 
literature.  The  furnaces  in  which  the  ores  are  smelted  are  almost 
1m  ariably  shaft- furnaces,  as  the  ores  are  very  silicious,  and  the 
piocess  used  is  that  of  direct  or  indirect  precipitation.  The 
urnaces  are  usually  water-jacketted  and  generally  provided  with 
Arendts  tap  The  works  which  treat  these  ores  are  situated  for 
the  most  part  in  Nevada,  Utah,  and  Colorado.  A  few  furnaces 

r  virV  iU, thG  EaSt’  “  at  St  Mansfield  7Zy 

neai  I  ittsburgh,  and  m  the  vicinity  of  New  York;  but, generally 
it  will  not  pay  to  transnnrf  ^ f 

Western  Ter,  Lies  to 

for  them  at  home,  unless  thev  are  e  T  T  W"kS  comPc“"S 
some  special  busing  7  T  exceedl”gly  rich,  or  there  is 

The  ores  are  th  f  7  ^  sh°uld  be  Seated  here. 

lead  contSLt 7!:z,TT'\y  trTd  “  rw 

desilverizing  works,  or  Wet  t'T  ^  *°  the  various 

ofthethrefdesil ^Z^*?*?*  “  *  ~ 

-ed  for  the  separation"  o7t£  ^  ^ 

tlmt  known  as  zinc  desilverization  The^TP  I  SmSle  eXCepti°n> 

Eureka,  Nevada,  use  the  Rozan  process  of  W°rks  at 

process  of  Patmsonage,  but  it  is 
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the  only  works  which  uses  it.  There  are  or  have  been  built  in 
the  United  States  within  the  last  twenty  years,  nineteen  desil¬ 
verization  works.  Of  these  eight  have  either  closed  altogether,  or 
refine  only  on  a  very  small  scale  at  irregular  intervals ;  the  works 
which  are  now  refining  are  situated  in  the  following  cities  and 
towns : 


Omaha,  Nebraska. 
Pueblo,  Colorado. 


Newark,  New  Jersey. 
Mansfield,  Pennsylvania. 
Aurora,  Illinois. 

Chicago,  Illinois. 

St.  Louis,  Missouri. 
Kansas  City,  Missouri. 


Flack’s  Station,  Utah. 
Eureka,*  Nevada. 

San  Francisco,  California. 


The  advantages  of  this  process,  when  compared  to  English  or 
German  cupellation  or  to  Patinsonage,  are  very  great,  both  as  to 
the  amount  of  capital  required  for  the  works,  the  rapidity  of  the 
process,  and  the  amount  both  of  fuel  and  labour  required.  The 
process  itself,  since  its  introduction  into  this  country,  has  been  so 
much  simplified,  that  a  plant  for  25  tonsf  can  be  managed  by 
three  men  in  12 -hour  shifts,  and  one  of  40  tons  by  a  crew  of  four. 

The  details  for  the  description  of  the  process  of  desilverization 
have  been  taken  from  the  Germania  Works,  Salt  Lake,  the  works 
of  the  St.  Louis  Smelting  and  Refining  Company,  at  Cheltenham, 
near  St.  Louis,  Mo.,  and  those  of  the  Pennsylvania  Lead  Company, 
at  Mansfield  Valley,  near  Pittsburgh,  Penn. 

The  Germania  Works  are  situated  at  Flack’s  Station,  on  the 
Utah  Southern  Railroad,  six  miles  from  Salt  Lake  City.  They 
treat  silver-lead  and  also  ores  which  they  purchase  in  the  open 
market.  They  have  one  shaft-furnace,  and  their  capacity  is 
40  tons  of  argentiferous  lead  and  3  tons  of  ore  a  day.  The  value 
of  the  product  of  the  works  in  copper  and  lead  counted  together, 
silver,  and  gold,  in  1874,  was  SI, 350, 000,  in  about  the  proportions 
of  5,  6,  2.  The  coke  used  comes  from  Connellsville,  and  costs 
S30.00  per  ton. 

The  works  of  the  St.  Louis  Smelting  and  Refining  Company 
are  situated  at  Howard  Station  on  the  Missouri,  Pacific,  and 
the  St.  Louis  and  San  Francisco  Railways,  a  short  distance  from 
St.  Louis.  They  have  two  shaft-furnaces  for  the  treatment  of  ore, 

Uses  the  Rozan  process. 

t  “Mineral  Resources  of  the  United  States,  1883-4,”  p.  473. 
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and  the  residues  from  the  refining  process.  The  coke  comes 
from  Connellsville,  and  weighs  40  lb.  to  the  bushel,  costing,  at 
Cheltenham,  $10  per  ton.  The  Illinois  gas  coke  is  also  used, 
which  costs  seven  cents  per  bushel.  The  lead  which  they  treat 
contains  about  one-half  of  one  per  cent,  of  arsenic  and  antimony, 
so  that  it  sometimes  has  to  be  polled.  They  treat  from  500  to 
600  tons  of  ore  per  month  in  addition  to  the  bullion  refining. 
Their  daily  capacity  is  90  tons  of  lead  and  15,000  ounces  of  silver. 

The  works  of  the  Pennsylvania  Lead  Company  treat  silver 
and  lead  only  which  is  purchased  in  the  open  market.  A  shaft- 
furnace  is  used  for  the  crasses  and  the  copper  mattes.  They 
produced  in  the  year  1884 : 


Bullion  treated . 

. 

17,342  tons 

Which  produced  : 

Lead  16,759  tons 

Value  ... 

81,298,303.00 

Copper  68,500  pounds  ... 

,,  ... 

6,850.00 

Silver  2,260,114  ounces  ... 

,,  ... 

2,485,548.00 

Gold  7,789  „  ... 

,,  ... 

159,840.00 

Total 

99  ••• 

83,950,001.00 

As  most  of  the  works  in  the  United  States  treat  ore,  the  prices 

paid  for  ore  in  the  best  smelting  works  in  the  West  are  oiven 
below :  ° 

The  Colorado  Smelting  Company,  of  South  Pueblo,  sent  out 
the  following  schedule  of  prices  in  August,  1885 : 


Containing 


From  10  to  20 

per  cent. 

,,  21  ,,  30 

99 

99  31  „  40 

99 

*9  41  ,,  50 

99 

,,  51  ,,  60 

99 

99  61  up 

Containing 
Up  to  100  oz. 

101  „  200  „ 

201  „  300  „ 

301  „  400  „ 

401  and  upwards 


Lead  Ores. 

Cents  Per  Cent, 
per  Unit.  Silver. 

30  95 

35 
40 

>» 

45 

50 

»» 

50 

Dry  Ores. 

92 

93 

94 

95 
95 


Gold  per 

Charge  for 
Treatment 

Ounce. 

per  Ton. 

$ 

$ 

18 

7.00 

• 

6.00 

•  to  ... 

5.00 

4.00 

•  19  ... 

3.00 

3.00 

..  18 

13.00 

* 

12.00 

11.50 

• 

11.00 

.  19 

10.50 
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Lead  quotations  based  on  New  York  market,  84.01  to  84.25  per  100  lb. 

These  prices  are  subject  to  change.  Each  decline  or  advance  in  the  New 
York  market  of  25  cents  per  100  lb.,  equals  an  advance  or  reduction  of 
5  cents  per  unit. 

No  pay  for  lead  under  10  per  cent. 

»  gold  „  ^  oz. 

Zinc,  deduct  50  cents  for  each  per  cent,  over  10  in  oxidised  ores  ;  over  5  in 
sulphuretted  ores. 

Gold  when  under  2  oz.  818  an  ounce  ;  over,  810.00  an  ounce. 


The  prices  paid  by  the  Pueblo  Smelting  and  Refining  Company 
in  August,  1885,  were  as  follows : 


Dry  Ores.*  Charge  for  Treatment 

per  Ton. 

Silverf  below  100  oz.  90  per  cent.  N.Y.  quotations  ...  812.00 

„  100  to  200  „  92  „  „  „  ...  12.00 

„  over  200  „  93  ,,  ,,  „  •••  12.00 


Lead  Ores.J 

Silverf  below  100  oz.  90  ,,  ,, 

„  100  to  200  „  92  „ 

„  over  200  ,,  93  ,,  ,, 

Lead  10  to  30  per  cent.  35  cents  per  unit 

,,  30  ,,  40  ,,  ,,  n 

,,  40  ,,  50  ,,  ,,  n 

ii  bO  ,,  60  ,,  ,,  ii 

ii  over  , ,  ,,  1*  ii 


10.00 

9.00 

8.00 

7.00 

6.00 


The  prices  paid  for  ore  by  the  Smelting  Works  at  Socorro, 
New  Mexico,  in  August,  1885,  were  as  follows  : 

Silver  and  Gold  Ore.+ 

Charge  for  Treatment 

Silver  below  100  oz.  90  per  cent.  Per  Ton. 

N.Y.  quotations  . Silicious  ore,  812  to  18 

Do.  do.  100  to  150  oz.  91  do.  ...  Ore  containing  iron,  10  ,,  12 

Do.  do.  150  „  200  „  92  do.  ... 

Do.  do.  200  „  250  „  93  do.  ... 

Do.  over  250  oz.  04  do. 


*  Containing  less  than  10  per  cent,  of  lead  are  called  dry  ores, 
f  Gold  ;  after  deducting  one-tenth  of  an  ounce,  the  balance  is  paid  for  at 
818  per  ounce. 

X  Zinc  ;  50  cents  is  added  to  charge  for  treatment  for  each  per  cent,  over 
5  per  cent. 
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Lead* 

Silver  ;  sec  above  schedule. 

Lead  ;  40  cents  per  unit  N.  Y.  quota¬ 
tions  .  Silicious  ore,  10  ,,  14 

Ore  containing  iron,  8  ,,  10 

The  prices  paid  by  the  Omaha  and  Grant  Smelting  and  Refining 
Company  in  1885  were  approximately  as  follows  : 

Silver  and  Gold  Ores. 

Charge  for  Treatment. 

Silver,  90  to  95  per  cent.  New  York  quotations  daily  ...  $12  to  $17  per  ton. 

Lead  Ores. 

5  to  20%  lead,  20  c.  per  unit  and  93%  of  gold  and  silver  is  paid, 

$12  to  $15  per  ton 

94 .,  ,,  ,,  ,,  10  to  12  ,, 

95 .,  ,,  ,,  ,,  7  to  10  ,, 

>>  *>  >>  >»  tt  4  to  7  ,, 

>»  »»  »»  ft  n  0  to  4  ,, 

Ores  having  over  300  ounces  of  silver  are  paid  for  at  a  higher  rate. 

Gold  is  paid  for  at  $18  to  $20  an  ounce. 

Zinc— below  10  per  cent,  nothing  is  charged  ;  over  that,  50  c.  each  per  cent. 
Copper  „  5  „  „  paid;  „  $1.00  to  SI.  50  per  unit. 


21  to  30  „  „  30  c. 

30  to  40,,  ,,  35  c.  ,, 

41  to  50,,  ,,  40  c.  ,, 

Over  50  „  „  40  to  45c.  , 


The  following  is  a  sample  of  a  purchase  of  ore : 

Lot  083.  San  Juan— Ore  (bulk)  ...  17,555  lb.  gross. 

Moisture  1%  175  „  „ 

Net  weight  17,380  „  „ 

Price— Gold  $18.60  per  oz. 

Silver  81.10J  „  90% 

Lead  35c.  a  unit. 

Assay— 31%  lead  per  ton,  at  35c.  =  $10.85 
95 oz.  silver  „  (90%)  =  94.20 

0.20 oz.  gold  „  ...  =  3.7o 


$108.81 

Less  11.00  for  treatment. 


$97.81 

17,3801b.  =8.09  tons  at  $97.81  per  ton=$849.95. 

Zrnc  ;  below  5  per  cent,  ^^^“d^duct^^bo^s'0”*'  ^ 

unit  is  deducted.  b  ntauctcd  •  abo™  5  per  cent.  50  cents  a 
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In  every  case  the  amounts  of  silicon,  iron,  magnesia,  lime, 
sulphur,  &c.,  are  considered,  and  affect  the  prices ;  so  that  no 
general  statement  of  the  prices  of  ores  can  be  made. 

The  Western  works  east  of  the  Sierra  Nevada  Mountains 
treat  ores  which  come  principally  from  Utah.  They  are  earthy 
carbonates  and  sulphates,  with  some  galena,  such  as  are  found 
in  Little  Cottonwood  and  Bingham  Canons.  From  the  former 
place,  they  contain  from  10  to  40  per  cent,  of  lead,  from  70 
ounces  to  150  ounces  of  silver,  1  ounce  to  3  ounces  of  antimony, 
and  a  trace  of  arsenic  and  zinc.  From  Bingham  Canon  they 
contain  30  to  50  per  cent,  of  lead,  and  10  ounces  to  20  ounces 
of  silver.  The  copper  in  these  ores  is  sometimes  as  high  as  6 
per  cent.  They  are  transported  on  an  average  2000  miles,  some 
of  them  being  brought  from  New  Mexico.  Some  argentiferous 
blende  from  Colorado  contains  450  ounces  of  silver,  10  per 
cent,  of  lead,  and  20  per  cent,  of  zinc.  When  these  ores  have 
been  dressed,  they  are  made  into  bricks  for  treatment  in  the 
shaft-furnace.  The  Utah  ores  are  made  the  base  of  the  treatment. 
The  works  also  treat  argentiferous  lead  from  all  parts  of  the 
country.  In  Nevada  and  west  of  it  they  treat  the  ores  of 
the  district,  and  silver-lead  from  all  the  Territories. 

The  ore  and  argentiferous  lead  arriving  at  the  works  are 
sampled  and  assayed.  When  ore  is  purchased  at  the  mine, 
it  is  sampled  by  the  agent  of  the  company,  and  assayed 
at  the  works.  When  the  assay  of  the  agent’s  sample  does  not 
agree  with  that  of  the  mine-owners,  they  send  a  sample.  The 
argentiferous  lead  is  assayed  on  a  sample  taken  by  boring  into 
the  top  and  bottom  of  both  ends,  and  sometimes  the  middle  of 
the  pig.  When  the  lot  sent  is  large  only  one  pig  in  a  specified 
number  is  assayed.  When  the  lot  is  small,  or  the  pigs  very  rich, 
each  pig  is  assayed.  In  some  works*  the  sample  is  taken  by 
punching  five  bars,  driving  the  punch  more  than  half  through. 
The  piercing  is  done  diagonally  across  the  upper  side,  and  on  the 
opposite  diagonal  on  the  lower.  The  pieces  are  melted  in  a 
previously-heated  crucible,  so  as  to  have  them  rapidly  melted. 
At  a  red  heat  the  metal  is  stirred  for  five  minutes,  and  then 
poured  with  the  dross  into  a  sample  mould.  The  sample  ought 

*  “Mineral  Resources  of  the  United  States,  1885,”  p.  464. 
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to  weigh  8  lb.,  and  represents  10  short  tons  of  metal.  Four 
samples,  of  a  little  over  an  assay  ton  each,  are  taken  from  the 
middle  of  the  four  sides  of  the  assay  bar,  cutting  it  through. 
From  these  four  samples  of  an  exact  assay  ton  each  are  taken 
and  cupelled.  If  the  gold  is  in  small  quantity,  4  assay  tons  are 
taken.  The  results  are  very  accurate. 

The  process  of  desilverization,  as  conducted  in  the  works  at 
Cheltenham,  Salt  Lake,  and  Mansfield  Valley,  consists  of — 

1.  Softening  the  lead. 

2.  Incorporation  of  the  zinc  and  separation  of  the  zinc  scum. 

3.  Refining  the  desilverized  lead. 

4.  Treatment  of  the  zinc  scum. 

The  object  of  the  desilverization,  as  performed  in  these  works, 
is  to  concentrate  all  the  silver  into  a  very  small  quantity  of  an 
alloy  of  zinc  and  lead,  so  rich  that  the  lead  resulting  from  its 
distillation  will  contain  8  to  12  per  cent,  of  silver,  and  to  leave 
behind  in  the  kettles,  lead  which  will  contain  not  over  5  grammes 
of  silver  to  the  100  kilogrammes,  and  not  more  than  0.5  to  0.75 
per  cent,  of  zinc,  and  be  pure  enough  to  make  white  lead,  and 
hence  command  the  highest  market  price.  The  details  of  the 
arrangement  of  each  of  the  works  is  different,  but  their  general 
arrangement  is  about  the  same.  The  oldest  works  were  arranged 
without  reference  to  level,  but  the  more  recently  constructed 
ones  are  built  in  such  a  way  that  the  softening  furnaces,  where 
the  metal  is  received  to  be  melted  and  refined,  are  on  the  highest 
level.  The  desilverizing  kettles  are  on  a  level  below,  so  that  the 
discharge  can  be  made  directly  from  the  softening  furnace  into 
them.  The  liquation  kettles  are  in  a  series  below  the  desilveri¬ 
zing  ones,  and  the  furnaces  used  for  liquation  on  the  same  level. 
The  storage  bins  for  the  liquated  material  are  generally  in  the 
distillation  room,  on  the  same  level  as  the  liquating  furnaces. 
The  refining  furnaces  should  be  on  such  a  level  that  the  desil¬ 
verized  lead  can  be  run  from  the  kettles  into  them,  and  from 
thence  be  cast  by  some  simple  arrangement  into  pigs.  The  cupelle 
furnaces  are  usually  on  the  same  level  as  the  distillation  furnaces. 

1.  Softening  the  Lead . — As  the  argentiferous  lead  comes  from 
all  sections  of  the  country,  and  contains  a  number  of  impurities, 
in  variable  proportions,  it  must  be  refined  or  softened  before  it 
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can  be  desilverized.  The  furnace  used  for  this  purpose  is  called 
the  softening  furnace,  in  most  of  the  works.  At  the  Germania 
Works  it  is  called  the  A  furnace.  It  is  a  large  reverberator}', 
with  a  cast  or  tank-iron  basin,  into  which  the  hearth  is  built. 

The  object  of  this  iron  basin  is  to  have  a  furnace  so  cool 
that  if  the  lead  goes  down  into  the  hearth  it  will  chill,  or  if 
the  furnace  is  very  hot  it  will  be  caught.  The  larger  the  furnace 
the  better.  Made  of  cast  iron,  its  size  is  limited  ;  made  of  tank 
iron,  there  does  not  appear  to  be  any  reason  why  it  should 
not  be  of  double  the  size,  except  the  uncertainty  of  being  able  to 
purchase  the  supply  of  lead  to  work  continuously.  With  an 
uncertain  supply,  it  is  better  to  multiply  furnaces,  as  a  small 
amount  can  be  better  and  more  economically  treated  in  a  small 
than  in  a  large  furnace.  There  is  a  point,  however,  beyond 
which  it  will  not  be  profitable  to  increase  the  size,  and  this 
will  be  the  quantity  that  can  be  held  by  the  kettles.  The 
limit  in  the  kettles  evidently  will  be  that  at  which  a  man  can 
no  longer  work  the  kettle  conveniently. 

The  fireplace  at  Cheltenham  is  2  ft.  3  in.  wide  and  5  ft.  G  in. 
long.  The  grate  is  12  in.  below  the  bridge  ;  the  bridge  is  2  ft. 
2  in.  below  the  roof,  1  ft.  6  in.  above  the  hearth,  and  2  ft.  10  in. 
wide.  The  hearth  is  made  of  a  cast-iron  basin  which  is  15  ft. 
5  in.  long,  9  ft.  6  in.  wide  in  the  middle,  and  5  ft.  3  in.  at  each 
end,  2  ft.  4  in.  deep,  and  If  in.  thick.  It  weighs  8  tons,  and  is 
calculated  to  hold  25  tons  of  lead.  At  Cheltenham,  the  pan 
forming  the  bottom  of  the  furnace  is  cast  in  one  piece.  At  the 
Germania  Works,  it  is  cast  in  three  pieces  and  bolted  together. 
This  latter  method  is  the  cheapest ;  but  if  any  of  the  bolts  become 
loosened,  there  will  be  a  loss  of  lead,  to  avoid  which  the  works 
at  Cheltenham  had  the  pan  made  in  one  casting.  At  the  Penn¬ 
sylvania  Lead  Works,  the  pan  is  made  of  tank  iron  about  one 
quarter  of  an  inch  thick,  which  is  rivetted.  The  bottom  of  the 
pan  rests  upon  rails,  which  are  supported  on  brick  walls  on  either 
side  of  the  furnace.  It  is  now  proposed  to  water-jacket  all  of 
these  furnaces,  which  will  both  reduce  the  quantity  of  repairs 
to  be  made  to  them,  and  shorten  the  time  spent  upon  them. 
The  doors  of  this  furnace  are  counterpoised  with  pigs  of  lead, 
so  that  they  can  be  very  easily  moved.  They  are  bevelled  and 
vol.  I.  0 
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fit  into  a  slot,  so  that  when  they  are  closed  and  luted  they  are 
hermetically  sealed. 

The  hearth  proper  is  built  on  the  iron  pan  bottom.  It  is  made 
of  firebrick  laid  in  the  form  of  an  inverted  arch,  placed  on  a  bed 
of  coke  next  the  pan,  which  is  covered  with  a  layer  of  brasque. 
If  the  pan  is  made  of  cast  iron,  the  roof  must  not  rest  on  it,  as  its 
pressure  might  increase  its  tendency  to  crack  ;  if  of  wrought  iron, 
there  is  no  such  danger.  The  side  walls  resting  on  it  bear  against 
projections  on  the  rim  of  the  sides  of  the  pan.  These  precautions 
are  necessary  in  all  iron  pan  hearths,  to  prevent  the  rising  of  the 
hearth  from  the  lead  penetrating  below  it,  and  breaking  it  up. 
Notwithstanding  all  the  precautions  taken  against  it,  this  acci¬ 
dent,  which  causes  great  inconvenience  and  loss,  happens  so  often 
that,  at  the  Germania  Works,  holes  are  now  bored  in  the  angles 
of  the  bottom  and  sides  of  the  pan,  so  that  the  lead  cannot  collect. 
The  flowing  lead  warns  the  men,  before  any  serious  accident  has 
happened,  that  it  is  time  to  make  repairs.  These  furnaces  should 
all  be  placed  at  the  highest  point  of  the  works,  so  that  the  lead 
and  other  products  may  descend  by  gravit}r  from  one  furnace  to 
the  other.  The  hearth  is  made  on  an  inverted  arch,  by  stamping 
brasque  on  it,  and  cutting  it  out  to  the  shape  the  hearth  is  to  have. 
On  this  firebricks  placed  on  end  are  put,  so  that  the  firebrick 
hearth  has  exactly  the  same  shape  as  that  of  the  brasque  below. 
The  side  walls  are  all  built  with  either  a  course  of  red  brick  or  a 
layer  of  brasque  behind  them.  The  hearth  inclines  toward  the 
tap-hole,  which  may  be  either  at  the  flue  end  or  on  the  side  of  the 
furnace.  The  tap-hole  is  made  of  cast  iron;  if  the  pan  is  of  cast 
iron  it  is  screwed  on  to  it,  if  of  wrought  iron  it  is  bolted  on.  It 
is  lined  with  brasque,  or  arranged  as  described  for  the  Mansfield 
refining  furnace.  The  lead  is  charged  through  the  charging  door 
in  the.  side  of  the  furnace,  on  a  spaddle  with  a  long  handle.  A 
idler  is  placed  in  the  door,  to  relieve  the  workman  from  'the 
friction;  the  lead  is  thus  distributed  about  the  furnace,  so  as  to 
melt  readily.  The  charge  is  always  melted  at  a  low  heat. 

The  usual  charge  at  the  Germania  and  Cheltenham  Works  is 
rom  22  tons  to  24  tons,  depending  on  the  puritv  of  the  lead.  In 
the  works  of  the  Pennsylvania  Lead  Company,  at  Mansfield  Valley, 
they  sometimes  charge  as  much  as  25  toms  to  26  tons,  the  charge 
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depending  on  the  quantity  of  crasses  that  the  lead  makes.  It  is 
always  made  at  Cheltenham  so  as  to  produce  about  20  tons  at  the 
end  of  the  operation,  or  a  quantity  sufficient  to  completely  fill 
one  kettle.  When  the  furnace  is  hot,  the  whole  charge  melts 
in  about  two  hours.  It  remains  in  the  furnace  from  six  to  eighteen 
or  even  twenty-four  hours,  depending  on  the  work  in  the  kettles, 
which  must  be  kept  full.  During  this  time  it  is  kept  at  a  low  heat, 
and  air  is  allowed  to  have  free  access  to  the  surface  of  the  metal. 

The  operation  of  softening  consists  in  keeping  the  lead  melted 
at  a  very  low  temperature,  the  object  of  .which  is  to  separate  the 
copper  by  liquation,  as  it  is  much  less  fusible  than  lead.  The 
scums  containing  the  copper  are  drawn  with  a  tool  made  of 
birchwood,  so  as  not  to  contaminate  the  lead,  as  would  be  the 
case  if  an  iron  tool  was  used.  It  is  always  necessary  to  en¬ 
deavour  to  remove  all  the  copper,  whether  gold  is  present  or  not. 
The  gases  in  the  furnace  are  oxidising,  and  crasses  containing 
the  oxides  of  the  foreign  metal  rise  to  the  surface.  At  the  end 
of  three  hours  the  temperature  is  raised  to  a  dull  red  heat.  At 
this  temperature  the  volatile  metals  rise  to  the  surface,  are  there 
oxidized,  and  mix  with  the  lead  oxides  and  are  removed  with 
them.  The  bath  is  kept  for  twelve  to  fifteen  hours,  if  necessary, 
at  the  same  temperature,  and  frequently  rabbled  to  bring  the 
impurities  to  the  surface.  If  the  lead  contains  from  3  to  4  per 
cent,  of  impurities,  the  crasses  are  only  drawn  as  they  form,  but 
if  more  impure,  a  steam-jet  blast  is  discharged  directly  into  the 
bath,  which,  by  constantly  bringing  fresh  portions  of  the  lead  to 
the  surface,  promotes  the  oxidation,  and  the  crasses  are  removed 
several  times ;  but  if  the  lead  is  moderately  pure,  the  crasses  are 
drawn  but  once,  which  will  generally  be  at  the  end  of  six  to  seven 
hours.  An  air  blast,  as  it  acts  mostly  on  the  surface,  does  not 
answer  so  well  as  the  steam,  which  has,  however,  the  disdavantage 
that  the  constant  wave  action  of  the  lead  oxide  against  the  surface 
of  the  brick  tends  to  wear  it  away.  It  should  be  protected  with 
a  water  back  where  steam  is  used.  The  first  crasses  will  amount 
to  from  1.5  to  2.5  per  cent,  of  the  charge,  and  are  taken  oft  at 
the  end  of  from  five  to  seven  hours.  Before  drawing  them,  they 
are  mixed  with  coal  on  top  of  the  melted  charge,  to  reduce  any 
oxide  of  lead,  and  are  then  drawn ;  and  if  they  form  again  they 
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are  removed.  When  they  no  longer  form,  the  furnace  is  cooled 
gradually,  but  is  kept  above  the  melting  point  of  lead.  The 
crasses  are  drawn  from  the  working-door  and  are  collected  in  a 
bin,  where  they  are  allowed  to  accumulate  until  there  is  enough, 
to  work. 

When  litharge  commences  to  form,  the  crasses  are  no  longer 
drawn,  but  are  left  in  the  furnace  after  the  lead  has  been  tapped. 
In  refining  the  next  charge,  they  give  up  their  oxygen  to  more 
easily  oxidized  metals,  and  thus  help  to  separate  them  from  the 
lead.  Quick-lime  is  usually  added  as  soon  as  they  commence  to 
form,  to  keep  the  litharges  from  cutting.  The  time  required  for 
softening  the  charge  varies  from  eighteen  to  thirty-six  hours, 
depending  on  the  amount  of  impurities  contained  in  the  lead ; 
usually  it  is  less  than  twenty-four  hours. 

Sometimes  all  the  impurities  have  been  removed  at  the  end  of 
twelve  hours  or  less,  but  the  charge  in  the  furnace  must  stand 
until  the  desilverising  kettles  are  ready.  This  is  done  by  simply 
shutting  the  dampers,  and  adding  only  just  enough  fuel  to  the 
fireplace  to  keep  the  charge  melted  ;  but  as  all  the  compounds 
of  arsenic  and  antimony  are  very  fusible,  the  softening  must  be 
kept  up  as  long  as  these  form.  With  a  charge  of  2G  tons,  at  the 
I  ennsyl vania  Lead  \\  orks,  from  24  A  to  25 A  tons  of  softened  lead 
remain  in  the  furnace. 

It  often  happens  that  the  charge  is  ready  for  tapping,  but  the 
desilverizing  pots  are  in  use;  so  that  the  lead  is  kept  in  the  fur¬ 
nace  at  the  melting  point  until  the  pots  are  free.  It  is  cheaper 
even  if  the  lead  is  extremely  pure,  to  keep  it  melted  in  the  fur¬ 
nace  durmg  the  time  necessary,  rather  that  to  cast  and  re-melt  it. 

At  Cheltenham,  the  tap-hole  opens  into  a  deep  but  narrow 
trough  lined  with  brasque,  from  which  the  lead  is  syphoned  off 
with  a  Steitz  syphon,  Fig.  15.  The  brasque  is  made  of  four-fifths 
clay  and  one-fifth  coke-dust.  It  is  made  as  dry  as  it  can  be 
stamped  and  is  then  carefully  shaped  and  cut  down  to  make  the 
aicli  leading  into  the  furnace.  When  the  kettles  are  ready,  the 
furnace  is  tapped.  The  tapping-spout  is  very  large,  and  during 
the  time  of  casting  exposes  a  large  surface  to  oxidation,  thus 
increasing  e  osses  in  lead.  If  the  furnace  was  sufficiently  high 
i  Jove  ic  pot,  the  lead  could  be  tapped  by  a  gutter  directly  into 
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the  kettles.  The  contract  is  always  made  to  have  the  kettles  cast 
bottom  clown. 

At  the  Germania  Works,  the  tapping  is  very  inconveniently 
clone  through  an  iron  pipe,  40  ft.  long  and  5  in.  in  diameter,  with 
holes  cut  into  it  at  intervals  to  facilitate  the  removal  of  dross 
which  might  clog  the  pipe.  It  is  necessary  to  heat  the  whole 
length  of  this  pipe,  to  prevent  the  lead  from  chilling.  This  is 
done  with  coals  suspended  in  pieces  of  sheet  iron  under  it ;  but 
there  must  be  a  shield  between  the  fire  and  the  pipe  to  keep  the 
latter  from  cracking. 

As  the  softening  furnace  is  always  above  the  kettles,  a  much 
simpler  plan  is  to  run  the  lead  into  the  kettles  by  gravity,  using 
an  iiron  trough  for  the  purpose.  At  the  Pennsylvania  Lead 
Works  this  is  accomplished  with  a  trough  made  of  angle  iron  so 
as  to  form  a  gutter.  The  other  end  is  placed  over  the  pot  into 
which  the  metal  is  to  be  discharged.  When  the  furnace  is  ready 
to  be  tapped  a  charcoal  fire  supported  in  a  sheet-iron  frame,  a 
bracket  for  which  is  fastened  to  the  side  of  the  furnace,  is  made 
around  the  stop-cock  attached  to  the  side  of  the  iron  tank  of 
the  furnace  bottom,  until  it  is  raised  above  the  melting  point  of 
lead.  The  handle  is  then  turned  and  the  contents  of  the  furnace 
discharged  into  the  kettles.  When  the  furnace  is  empty  the 
angle  iron  is  taken  away  and  the  space  left  free  until  the  next  tap¬ 
ping.  At  these  works  there  are  three  of  these  softening  furnaces, 
each  one  having  three  desilverizing  kettles.  At  the  Germania 
Works  there  are  two,  with  five  kettles  each ;  at  Cheltenham,  one, 
with  three  kettles. 

The  crasses  from  the  softening  furnace  are  first  liquated,  to 
remove  any  excess  of  lead  they  may  contain.  At  the  Germania 
Works,  this  was  formerly  done  in  a  reverberatory  liquation 
furnace  of  peculiar  construction.  The  hearth  was  3  ft.  deep; 
18  in.  above  it  a  set  of  grate-bars  was  placed  ;  the  skimmings 
were  placed  on  these,  and  the  crasses  remained  there  while  the 
lead  flowed  through.  This  lead  is  very  hard  ;  it  is  either  sold 
or  refined  with  the  other  lead.  The  first  crasses  drawn  contain 
most  of  the  copper.  They  are  always  kept  separate  from  the 
others.  They  are  put  through  the  blast  furnace  at  the  end  of  a 
campaign,  with  galena  or  pyrites,  in  order  to  concentrate  the  copper 
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in  a  40  per  cent,  matte,  which  is  sold.  Some  hard  lead  is  produced, 
which  is  treated  with  the  lead  of  the  other  crasses.  Sometimes 
the  crasses,  without  liquation,  are  melted  in  the  blast  furnace, 
producing  very  hard  lead;  this  is  treated  with  soft  lead,  poor 
in  silver,  in  the  softening  furnace,  and  made  into  marketable 
hard  lead,  richer  in  silver,  however,*  than  the  ordinary  softened 
lead. 

At  the  Germania  Works,  a  copper  matte  is  produced  which 
contains  20  per  cent,  of  copper,  20  ounces  to  25  ounces  of  silver, 
and  a  slag  containing  10  ounces  of  silver.  The  matte  is  con¬ 
centrated  to  40  per  cent,  of  copper,  and  is  sold. 

The  assays  of  three  of  these  concentrated  samples  contained — 


No.  1. 

No.  2. 

No.  3. 

oz. 

oz. 

oz. 

113.54 

88. 

94.06 

1.18 

1.02 

1.02 

Silver . . 

Gold . 

From  the  dust  chambers  connected  with  this  furnace  only  a 
small  amount  of  material  is  collected,  and  this  very  near*  the 
furnace.  It  contains  only  from  3  ounces  to  4  ounces  of  silver. 
Tire  other  crasses  are  treated  in  a  reverberatory  furnace.  The 
materials  being  at  first  only  partially  reduced,  the  first  lead 
which  flows  carries  most  of  the  silver  and  is  put  to  one  side. 
The  charge  is  then  completely  reduced.  The  product  is  a  very 
hard  lead,  which  is  allowed  to  accumulate  until  there  is  enough 
to  make  a  charge  in  the  softening  furnace. 

If  the  ores  contain  a  very  large  amount  of  antimony,  there 
will  be  two  or  three  sets  of  crasses  after  those  containing  copper 
have  been  removed,  which  will  be  mostly  very  impure  litharges. 
The  lead  produced  from  them  is  a  compound  of  arsenic  and  '’an¬ 
timony,  which  is  not  refined,  but  sold  as  hard  metaL  The  loss 
m  lead  in  softening  is  about  2J  per  cent. 

2.  Incorpontfion  of  the  Zinc,  and  Separation  of  the  Zinc 

‘  the  <lesUverization  -e,  at  Cheltenham, 

three  kettles  set  in  a  triangle,  at  Mansfield  Valley  a  series  of 

three  kettles  set  in  a  row,  and  at  the  Germania  Works,  a  series 

five,  set  as  shown  in  Fig.  16,  the  first  two  holding  20  tons 
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ELEVATION 


•  fruition  htli. 

k  -  Fit  iron  ring  mpporting  a  on  briekwort. 
t  -  U*ol  dinclmrp  pip*  nut  in  U*  Utum  <fb*tlr. 
i  -  Sint  iron  i-rrm  to  ]  roiid  c  from  itni, 

*  -  Out  iron  di*Karg*  inmgk  40  A  long  k*nS,d  ig  fin, 

ondtniatk  nnd  fnUcCtd  by  a  *A,«<  iron  *er„n. 
f.  Finpintu 
g  -  A*k  pit, 

A  -  Graltbnn. 

m-  Ckimney. 
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DESILVERIZATION  KETTLES  AT  THE  GERMANIA  WORKS,  FLACH’S  STATION,  NEAR  SALT  LAKE,  UTAH. 

To  fac*  pajt  67 


,> f/rro)>f/tK  '/An/;  Ht.wt**. 


*7 

***b ;  th*  it*xi  two,  7  U*m,  as  A  the  U*t,  4  vm*.  T)#**  Scettl** 
At*  *et  in  iMmfAtry,  wkh  a  1br*\A*ee  mAemerah  them.  The 
turner*  i*  Uf t\+A  mV*  the  two  o\r\*er  *****  Ahenmtely,  TS*e 
uy\**r  kettle*  et  M*n<heA  \t*M  23  %/***  The  ny[*r  SteUhm  *K 
(Xs*iVx>h*m  W/  ih  *weh,  AtA  between  %¥ft  am  A 

$100  eneh.  'they  ure  <*  It,  0  k  m  Awit+ier,  amA  %  ft  The 

'ieptft  *4  the*e  kettle*  i*  t he  *****  m  A)  the  w'/rk* ;  tl*e  *ttm meter 
VArie*  whh  the  e*i*uekf,  'H**y  w*r*  fir*  m*Ae  V/  h*M  10  Vnm, 
theft  20,  item  30,  amA  tern  wnue  *4  the  w**k*  make  them 
S#M  a*  h'rjfit  a*  40  t/*m,  a*  it  waa  *****  VmtA  tl»*t  ft  &rt*  t*it 
Yfttle  more  U*  Ue*t  40  V/tm  %Ip%u  it  4*e*  V*  tre*t  V*  Vm*  in 
twenty-t/mr  fy/nr*,  TV.  hunt  will  erklently  V  fixer!  f  hf*  Spy  th* 
**\p\4y  *4  wi rerAetA,  *eeemA\y  Spy  the  rmuAer  amA  e*$*p*ty  * 4  th* 
*Av*hn%  fw/TiV**,  The  tit**  Hmt  \it**e  kettle*  will  bet  a  An** 
'/r*Atly,  TStey  Are  nmnlSy  Se/o'j^d  Spy  wA0d  amA  trd  <en  th*  *\e 
txlfoahpn  *4  wSat  t S*j  will  do,  In  **o*  *4  lit*  En r*/f#*n  w*prk* 
they  am*  Septy^d  Sty  *P*tU*r%  Vi  l**4  dmrn%  the  toelvmy,  *4  a 
tie*!  f mini er  * A  Vet*,  T he  eP*Ar*et/pr%  muAi  {prefer  t o  umke  the 
*jpntr*et  in  tlm  w rnyf  Smt  it  i*  rrd  nm*l  In  the  VmteA  Hi Ate* 

At  the  tperfuAMUA  W'/rk*,  the  dinA **%*  *y*il  U  «**  '**  the 
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Separation  of  Zhic  Scums . 


field,  the  middle  one  has  a  spout  at  the  bottom,  which  com¬ 
municates  with  the  third  and  smallest.  At  Cheltenham  the 
kettles  are  discharged  by  the  Steitz  syphon,  which  is  a  much 
simpler  method,  and  much  less  expensive  than  having  pipes 
cast  on  the  bottom,  as  they  always  increase  both  the  cost  of 
the  kettles  and  the  liability  of  loss  of  lead.  The  kettles  are 
r..ied  with  melted  lead  from  the  softening  furnaces.  When 
they  are  full,  they  are  heated  up  to  the  melting-point  of  zinc, 
whidi  takes  about  one  hour.  It  is  important  that  the  heat  should 
high  enough  to  melt  the  zinc  readily.  The  kettle  is  so  large 
t.-at  there  is  but  little  danger  of  over-heating.  When  the  tem¬ 
perature  is  at  the  right  point,  the  zinc  is  added.  At  the  Germania 
\  orks  and  at  Mansfield,  the  zinc  is  thrown  in  or  laid  on  the  top 
of  the  lead,  and  incorporated  as  it  melts.  At  Cheltenham,  it  is 
pUced  m  an  iron  cage,  which  is  let  down  to  the  bottom  of  the  pot 
The  amount  of  zinc  to  be  added  will  generally  be  about  one 
pound  for  every  31  ounces  of  silver.  This  will  usually  amount 
to  between  2.501b.  and  550  It  to  each  kettle.  In  gene'ral  with 
ores  varying  from  100  to  300  ounces  of  silver,  1.4  to  3  per  cent 
of  zinc  is  added.  It  Ls  not  all  added  at  once,  but  sometimes  in  two 
and  sometimes  in  three  additions,  the  proportions  being  deter¬ 
mined  by  assay  in  each  case.  The*  additions  should  be  -o 

tTri^i  maLe  thC  P°Ssib,e  •aaT  fr*t,  in  order 

£  shorten  the  process  as  much  as  practicable,  to  diminish  the 

haUhty  to  oxidation  when  it  is  liquated,  and  to  produce  a  lead 
contammg  ntn  more  than  0.1  to  0.2  of  an  ounce  ofXr 

To  t  h  ’  leSd  troin30to-m  ounces  of  silver 

£S?'b’“'"d 

w-  strd  for  ^  - 

of  in.  around  the  outside  It  iHh then  *  a 

“•SEr.tr  “ L  brishL 

«nd  i  containing  GO  ounces  of 

>  charge  con^ning  ,  w  £ 


Amount  of  Zinc  Used.  89 

2.3  per  cent  of  zinc  was  used.  Of  this  0.5  was  added  in  the  first 
addition,  0.4  in  the  second,  and  0.1  in  the  third.  For  a  charge 
containing  350  ounces,  2.G  per  cent,  of  zinc  was  used. 

The  following  Table,  prepared  by  Mr.  A.  V.  Weisse,  of  the 
Germania  Works,  gives  the  amount  of  zinc  used  in  two  charges: 


Example. 

Total  Weight 
of 

Softened 

Lead. 

Silver 

contained  in 
Grammes  to  the 
1000  Kilos. 

Gold 

contained  in 
Grammes  to  the 
1000  Kilos. 

Zinc  Used. 

No.  1  . 

lb. 

402.442 

4300. 

125. 

per  cent. 
2.3 

No.  2  . 

402.224 

4250.7 

127.45 

2.6 

To  be  sure  of  lead  at  5  grammes  from  lead  containing  1000 
to  1400  ounces  of  silver,  at  least  1J  per  cent,  of  zinc  must  be 
added.  Pure  zinc  is  no  longer  used  for  all  these  additions. 
The  second,  third,  and  fourth  scums  of  a  previous  operation, 
which  are  not  very  rich  in  silver,  are  used  for  the  first  and 
sometimes  for  the  second  addition,  thus  greatly  reducing  the 
amount  of  zinc  required  for  the  operation.  When  the  lead  is 
very  poor  in  silver,  the  first  addition  is  used  several  times,  in 
order  to  make  it  as  rich  as  possible.  The  object  of  dividing  the 
additions  is  to  arrive,  as  quickly  as  may  be,  at  the  highest 
percentage  of  silver,  and  to  get  an  alloy  so  rich  that  there  will 
be  little  liability  to  loss  in  the  subsequent  liquation,  thus 
shortening  and  cheapening  the  process.  The  amount  to  be  added 
in  the  first  charge  will  depend  on  the  amount  of  copper  in 
the  lead.  If  it  contains  but  a  small  amount  of  copper  and 
some  gold,  100  lb.  are  added,  at  Cheltenham.  If  there  is  much 
copper,  more  zinc  must  be  added  to  bring  out  the  copper,  as  most 
of  the  copper  comes  off'  with  the  first  crasses.  If  gold  is  present 
in  large  proportion,  the  quantity  of  zinc  must  be  increased,  since 
all  the  gold  comes  off  with  the  first  scums.  In  making  the  assay, 
to  ascertain  whether  the  gold  has  been  removed,  small  quantities 
should  not  be  taken,  for  with  them  no  traces  of  gold  will  be 
found.  It  has  been  ascertained  by  experience,  that  it  is  best 
always  to  take  from  8  to  10  assay  tons,  in  order  to  get  a 
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Stirring  and  Cooling  the  Bath. 

weighable  amount.*  It  is  a  question  whether,  as  the  gold  has  a 
stronger  allinitv  for  zinc  than  it  has  for  silver,  it  would  not  be 
better  to  make  a  dor£  bullion  alone,  by  taking  out  the  gold  and 
silver  by  two  or  three  additions  of  zinc,  rather  than  make  dore 
bullion  and  fine  silver  bv  repeating  the  additions  of  zinc.  If  no 
gold  is  present,  two-thirds  of  the  charge  of  zinc  necessary  for  the 
whole  operation  may  be  added  in  the  first  charge;  it  is  then 
stirred  from  one-half  to  three-quarters  of  an  hour  with  a  flat 
spatula,  which  is  17  in.  in  diameter,  attached  to  a  piece  of  gas¬ 
tubing  6  ft  long.  The  temperature  during  this  time  is  kept 
above  the  melting-point  of  zinc.  The  tool  is  made  to  work  from 
the  sides  toward  the  centre,  with  a  downward  motion  at  the  same 
time.  In  order  that  the  workman  shall  not  have  to  bear  the 
whole  weight  of  the  stirrer,  it  is  suspended  on  a  hook  attached  to 
a  chain  hung  in  the  ceiling.  The  stirring  is  very  difficult  work, 
and  a  great  many  tools  have  been  devised  to  do  it  mechanically, 
with  no  great  success.  Dry  steam  from  a  J-in.  pipe,  placed  12  in. 
to  15  in.  below  the  top  of  the  melted  lead,  in  the  centre  of  the 
kettle,  does  this  stirring  very  thoroughly :  it  does  not  require 
much  attention,  and  by  its  use  for  from  half  to  three-quarters 
of  an  hour  much  labour  is  saved.  The  lead  is  also  made  much 
poorer  in  silver  than  can  be  done  by  hand  work.  Any  metal 
that  adheres  to  the  sides  of  the  kettle  must  be  detached  with  a 
chisel-shaped  tool  and  thrown  to  the  centre  of  the  kettle.  When 
the  zinc  is  thoroughly  incorporated,  the  fire  is  drawn,  and  the 
kettle  allowed  to  cool  until  the  zinc  alloy,  which  contains  the 
silver,  rises  and  floats  on  the  top  of  the  melted  lead.  This  time 
depends  on  the  heat  of  the  metal,  and  on  the  season  of  the  year. 
In  summer,  it  is  four  hours ;  in  winter,  only  two. 

It  has  been  proposed-?-  to  introduce  water  running  through  pipes 
bent  to  the  shape  of  the  kettle,  for  the  purpose  of  hastening  the 
cooling  the  hath.  These  are  movable  so  as  to  prevent  the  metal 
from  cooling  on  them.  The  movement  of  the  pipes  reduces  the 
temperature  about  equally  throughout  the  bath.  Usually  the  upper 
part  cools  faster  than  the  lower.  By  this  method  it  was  expected 
to  materially  reduce  the  quantity  of  zinc  required  as  well  as  the 
"  Mineral  Resources  of  the  United  States.  1885,”  p.  467 
t  “  Mnnag  sod  Semantic  Press.'  San  France.  voL  ilis.'.’xo.  5,  1882. 
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Skimming. 

time  of  the  operation,  but  it  has  not  worked  very  satisfactorily. 
Generally,  however,  the  cooling  is  done  by  either  drawing  or 
banking  the  fire,  or  by  throwing  water  on  the  surface  of  the 
metal,  and  taking  off  the  consolidated  crust  as  quickly  as  it  forms. 

The  skimmings  are  taken  off  in  perforated  ladles  suspended  on 
chains,  and  put  into  one  of  the  smaller  kettles.  These  first  skim- 
mings  are  carefully  separated  from  the  rest,  if  the  lead  contains 
either  much  gold  or  much  copper,  or  both.  At  Cheltenham,  the 
skimmings  from  the  first  addition  of  zinc  are  charged  into  a  small 
kettle  between  the  two  large  ones.  At  the  Germania  Works,  kettles 
Nos.  1  and  2  are  skimmed  into  Nos.  3  and  4.  If  the  skimmings 
come  from  the  first  addition  of  zinc,  they  are  partially  liquated  in 
Nos.  3  and  4,  and  transferred  to  No.  5,  where  the  liquation  is 
completed.  All  the  lead  in  Nos.  3  and  4  is  then  put  back  into 
Nos.  1  and  2,  ready  to  receive  the  second  addition  of  zinc.  The 
skimmings  from  the  2nd,  3rd,  and  4tli  additions  of  zinc  are  not 
liquated,  but  are  used  over  again.  The  amount  of  labour  required 
is  one  man  to  each  kettle.  The  kettle  is  left  until  it  is  full,  and 
is  then  fired  up  and  partially  liquated,  which  takes  about  an 
hour.  The  kettle  must  not  be  heated  too  hot  in  this  liquation, 
for  there  would  be  danger  of  oxidising  the  zinc,  in  which  case 
the  silver  would  go  back  to  the  lead.  The  lead  separated  in 
liquation  is  put  back  into  the  large  kettle,  No.  1,  before  the 
second  addition  of  zinc. 

At  Mansfield,  all  the  skimmings  except  the  first,  which  con¬ 
tains  copper  and  may  contain  gold,  are  ladled  into  the  middle 
kettle,  which  is  kept  heated,  and  are  liquated  at  once,  the  lead 
flowing  into  No.  3.  The  lead  which  collects  there  is  put  back 
into  No.  1  with  the  next  charge  of  lead.  At  Cheltenham,  the 
zinc  skimmings  are  taken  from  kettle  No.  1,  and  liquated  in 
No.  2.  While  the  second  addition  of  zinc  is  being  made,  the 
liquated  lead  is  removed  to  No.  3.  The  six  tons  in  No.  3  arc 
put  back  into  No.  1,  after  the  second  addition  of  zinc. 

The  lead  remaining  in  the  kettle  after  the  first  skimining 
should  not  contain  more  than  20  ounces.  The  zinc  for  the 
second  and  third  skimmings  is  not  liquated,  but  used  in  the 
next  operations.  The  skimming  is  made  into  the  adjacent 
kettle.  After  making  an  assay  of  the  melted  lead,  to  ascertain 
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Skimming  ami  Tapping  the  Lead. 


what  is  required,  the  next  addition  of  zinc  is  made,  and  the 
skimming  continued  about  the  same  time.  After  the  second 
skimming,  there  should  not  be  more  that  10  ounces  to  15  ounces 
of  silver  remaining.  An  addition  is  made,  if  the  assay  shows  it 
to  be  necessary.  The  last  two  charges  are  placed  partly  on 
top  of  the  melted  lead  and  partly  in  the  cage.  It  is  then  stirred 
for  three-quarters  of  an  hour  and  left  to  cool  down.  The  skiin- 
mings  are  liquated  as  before.  The  lead  contains  from  one  to 
one  and  a  half  ounces  of  silver.  A  new  addition  of  zinc  of  about 
100  lb.  is  made ;  after  which  the  lead  will  not  contain  more  than 
two  to  three- tenths  of  an  ounce  of  silver. 

At  Cheltenham,  there  is  not  more  than  one-sixth  of  an  ounce 
of  silver  remaining  when  the  lead  is  tapped  into  the  refining 
furnace.  Frequently,  the  last  skimmings  are  too  poor  in  silver 
to  admit  of  treating.  They  are  put  to  one  side,  and  form  either 
a  part  or  the  whole  of  the  first  additions  of  zinc  in  the  next 
kettle. 

It  has  been  suggested*  that  the  assays  taken  from  the  kettle 
to  determine  the  value  of  the  metal  are  often  taken  either  too 
soon  or  when  the  metal  is  too  hot.  In  the  latter  case  it  is  said 
that  the  silver  rises  to  the  top  and  gives  a  higher  value  to  the 
metal  than  the  average  of  the  kettle. 


At  Mansfield,  poor  lead  is  not  tapped  if  it  contains  more  than 
one-tenth  of  an  ounce  of  silver  to  the  ton,  and  the  merchant  pio- 
assays  0.075  ounce  to  0.15  ounce. 

When  the  Germania  Works  were  first  built,  the  Flack  process 
was  used.  The  liquated  zinc  skimmings  were  charged  in  a  blast 
furnace  with  a  very  basic  slag,  and  small  pressure  of  blast.  The 
result  was  rich  lead,  and  a  rich  slag.  In  the  condensation 
chambers,  a  very  impure  oxide  of  zinc  was  collected,  which  was 
but  a  small  part  of  that  actually  charged  in  the  furnace.  As 
the  use  of  this  process  occasioned  a  loss  of  from  818,000  to 
820,000  a  year  in  zinc,  it  was  abandoned,  and  the  Faber  du  Faur 
i u  mace  was  introduced  in  its  place. 

It  is  always  best  to  use  good  zinc  for  the  separation.  An 
attempt  was  made  at  the  Chicago  Silver  Smelting  and  Re¬ 
fining  Works,  to  economise  in  this  direction  by  using  scrap  zinc  ; 

Mining  and  Engineering  Journal,"  vol.  xxxvi.,  p.  274. 
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Details  of  Pix>cess. 

but  it  was  found  that  the  lead,  after  its  use,  sometimes  contained 
as  high  as  18  ounces  to  the  ton,  and  the  attempt  had  to  be 
abandoned. 

The  following  statement  of  several  charges  at  the  Germania 


Number  of  pounds  charged  in  the  softening  furnace  . 

„  grammes  of  silver  .... 

gold . 

First  addition  of  zinc,  from  second  and  third  additions 
of  a  previous  operation,  in  pounds 
^Grammes  of  silver  in  lead  after  tirst  addition 
Second  addition  of  zinc  in  pounds  .... 
tGrammes  of  silver  in  lead  after  the  second  addition 
Third  addition  of  zinc  in  pounds  .... 
tGrammes  of  silver  in  lead  after  the  third  addition  . 


Weisse  :* 

No.  1. 

No.  2. 

41,014 

40,120 

5,700 

1,980 

110 

10 

4,000 

3,000 

1,300 

1,000 

000 

000 

20 

30 

80 

125 

trace. 

0 

The  following  Table  was  prepared  by  Mr.  E.  F.  Eurich,  of  the 
Pennsylvania  Lead  Company : 


Desilverizatiox. 

No.  i.: 

No.  2. 

Quantity  of  work  lead  charged  in  the  kettle 

Taken  off  ;  “  Schlicker  ’  (cuprous  oxide)  . 

87,294 

lb. 

3,497 

Pure  work  lead . 

83,797 

02,895  lb. 

Silver  contained . 

0,305.( 

)  oz. 

0,105.9  oz. 

Quantity  of  zinc  added  ...... 

1,700 

lb. 

1,200  lb. 

"Weight  of  skimmings  after  liquation 

9,526 

0,302  „ 

“  Abstrick”  from  dezincation  of  poor  lead 

7,810 

3,500  „ 

Oxides  and  metallic  lead  from  the  market  kettle 

1,000 

700  „ 

Lead  from  liquation  of  zinc-crust  .... 

808 

Market  lead . 

07,104 

M 

53,420  „ 

At  Cheltenham,  the  liquated  skimmings,  still  soft,  are  thrown 
on  iron  gratings  from  1  in.  to  1A  in.  apart,  and  pushed  through 
in  order  to  reduce  it  to  pieces  of  small  size,  which  can  be  more 
conveniently  introduced  into  the  retort.  In  most  of  the  works, 
it  is  thrown  upon  an  iron  plate  in  front  of  the  kettle,  and  in 

*  Mining  Commissioners’  Report  for  1875. 

+  The  grammes  are  given  per  1000  kilogrammes. 

*  No.  1  is  lead  taken  directly  from  the  Bhaft  furnace,  which  has  not  been 
softened.  No.  2  is  softened  lead. 
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Refined  and  Unrefined  Lead. 


order  to  break  it  up,  is  rapidly  moved  about  with  a  rake,  and  if 

necessary  cut  up  with  a  shovel,  so  that  the  pieces  are  about  the 

size  of  a  hickory  nut. 

That  it  is  very  necessary  to  refine  the  lead  before  adding  the 
zinc  is  shown  by  the  following  experiments  made  by  Mr.  C. 
Kirchhof  *  At  the  Delaware  Lead  Works  20  tons  of  lead,  con¬ 
taining  95.5  per  cent,  of  lead,  and  containing  antimony,  arsenic, 
zinc,  bismuth,  and  copper,  were  slowly  melted  in  a  kettle. 
During  the  melting  it  was  carefully  crassed  to  remove  as  much 
copper  as  possible.  At  the  same  time  a  charge  of  refined  lead 
was  treated.  The  zinc  was  added  as  usual.  The  Table  below 


gives  the  result. 


<1 

I.  Not  Refined. 

II.  Refined. 

Silver 
per  Ton  in 
Ounces. 

Charge  of 
Zinc. 

Silver 
per  Ton  in 
Ounces. 

Charge  of 
Zinc. 

oz. 

No. 

lb. 

oz. 

No. 

lb. 

Before  adding  zinc  . 

85.60 

t## 

... 

94.90 

After  1st  charge 

85.50 

i 

250 

85.60 

1 

150 

,,  2nd  ,, 

85.30 

2 

250 

47.60 

2 

150 

,,  3rd  ,, 

83.80 

3 

150 

16.10 

3 

150 

„  4th  ,, 

83.50 

4 

100 

1.70 

4 

150 

}  ?  5th  j  j  .  , 

83.00 

5 

100 

.18 

5 

100 

,,  6th  ,, 

48.20 

6 

ICO 

<  th  ))  .  . 

8.20 

7 

100 

,,  8th  ,, 

.80 

8 

70 

„  9th  „ 

.15 

9 

30 

Total  . 

... 

1150 

... 

700 

The  two  operations  were  carried  out  under  exactly  similar 
circumstances.  The  amount  of  zinc  used  with  the  unrefined  lead 
w  as  —S7  pei  cent,  with  nearly  double  the  amount  of  time  and 
labour  required  for  the  second.  The  zinc  used  for  the  refined 
'at  was  1.75  pei  cent.  \\ ith  the  unrefined  lead,  the  amount  of 
marketable  lead  produced  was  43  per  cent.,  with  the  refined,  72 
pu  cent.  ic  unrefined  produced  a  very  large  amount  of  iin- 

«nC  *“£  •inCreaSed  the  time>  cost>  and  losses  in 

distilling,  cupelling,  and  working  the  products. 

'  finm(J  tke  De*X™rized  Lead.- The  lead  in  kettle  No.  1, 
*  “Metallurgical  Review,"  vol.  i.,  p.  224. 


Fig.  17 
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which  contains  usually  }  por  cent  of  zinc,  no  matter  what  tho 
heat  is,  or  how  much  zinc  is  added.  At  tho  Germania  Works,  it 
contains  from  0.7  to  1  per  cent,  of  zinc  and  antimony  together. 
It  must  be  refined,  to  separate  the  zinc  and  get  it  ready  for  the 
market.  This  operation  is  one  of  refining ;  but  in  tho  West  it 
is  known  under  tho  name  of  “calcination.”  This  is  done  in  a 
furnace  with  a  cost  or  tank-iron  bottom,  like  tho  softening 
furnace,  holding  from  20  to  40  tons.  At  Mansfield  Valley,  tho 
bottom  is  made  of  tank  iron,  with  a  pipe  with  a  stop-cock  at¬ 
tached  to  tho  side,  for  discharging  it.  Fig.  17  represents  the 
furnace  used  at  tho  Germania  Works.  The  one  used  at  Chelten¬ 
ham  is  essentially  the  same ;  it  is  a  little  larger,  but  tho  dimen¬ 
sions  vary  only  a  few  inches.  The  fireplace  is  2  ft.  3  in.  wide 
and  4  ft.  5  in.  long.  The  bridge  is  8  in.  below  tho  roof  on  the 
fireplace,  and  11  in.  on  the  hearth  side.  It  is  2  ft.  10  in.  wide, 

3  ft.  0  in.  long,  and  2  ft.  above  tho  hearth.  The  hearth  is  13  ft. 

4  in.  long,  and  7  ft.  3  in.  wide  in  the  middle,  and  3  ft.  G  in.  wide, 
both  at  tho  fire-bridge  and  the  fluo.  It  is  hero  made  of  one 
casting ;  at  the  Germania  Works  it  is  cast  in  three  pieces,  as 
shown  in  the  section  A-B,  Fig.  17.  The  arch  is  2  ft.  9  in.  above 
the  floor  of  the  laboratory.  It  has  three  openings,  4  in.  square 
in  tho  fire-bridge,  and  two  on  its  side,  for  the  introduction  of  air. 
The  charge  remains  in  this  furnaco  from  eighteen  to  twenty-four 
hours.  The  surface  is  constantly  exposed  to  the  air  entering  the 
furnace  by  the  air-holes  at  the  bridge.  Towards  the  end  of  the  first 
half  of  the  time  that  the  charge  is  to  remain  in  the  furnace,  the 
bath  is  skimmed.  By  this  time  all  of  the  zinc  will  have  been  either 
volatilized  and  carried  oft*  in  the  gas,  or  have  been  oxidized  and 
be  contained  in  tho  scums  which  have  been  withdrawn.  After 
this  the  antimony  is  oxidized ;  some  of  the  lead  oxidizing  at 
tho  same  time,  the  progress  of  the  operation  is  ascertained,  by 
making  small  test  bars  from  time  to  time,  on  which  the  quality 
of  the  lead  is  determined.  As  soon  as  the  antimony  is  all  gone, 
the  lead  is  fit  for  corroding,  and  is  cast  to  be  sent  to  the  white 
lead  works.  The  skimmings  amount  to  from  1  ton  to  1J  tons, 
lliey  contain  from  45  per  cent,  to  50  per  cent,  of  lead,  and  most 
of  the  zinc  anti  other  remaining  impurities.  The  charge  is 
rabbled,  after  tho  oxides  have  been  removed,  but  any  others 


96 


Refining  the  Lead. 


which  form  arc  allowed  to  remain  until  the  furnace  is  tapped 
into  the  polling  kettle,  which  is  usually  about  twenty  hours 
after  the  charge  is  made,  and  are  then  polled. 


At  Mansfield  Valley  the  refining  is  done  in  twelve  hours.  The 
lead  is  not  polled,  but  is  cast  into  pigs  directly  from  the  furnace. 
At  Cheltenham  and  elsewhere,  where  the  lead  is  cast  before  all 
the  antimony  is  out,  it  is  polled.  The  polling-kettle  is  placed 
at  the  flue  end  of  the  furnace  The  lead  flows  into  a  deep  cast- 
iion  channel  lined  with  brasque,  from  which  it  is  syphoned  off. 
The  top  of  the  kettle  is  about  6  ft.  from  the  floor.  Directly  in 
front  of  the  kettle,  and  about  2  ft.  below  the  floor  level,  there 
is  a  sunken  track  upon  which  a  car  is  run,  the  top  of  which 
comes  up  to  the  level  of  the  floor.  The  car  is  about  6  ft. 


wide,  and  receives  the  pigs  and  carries  them  to  the  store-house. 
There  is  a  space  of  4  ft.  between  the  car  and  the  furnace. 
The  polling  is  done  in  eight  hours.  The  wood  is  held  at  the 
bottom  of  the  kettle  by  a  crutch,  Fig  18.  The  same  apparatus 
is  used  at  the  Germania  Works,  except  that  instead  of  the 
crutch,  the  bars  are  straight  and  pointed,  the  holes  are  bored  in 
the  wood  to  receive  them.  Short  sticks  of  green  wood  are  used, 
but  to  insure  a  plentiful  escape  of  steam,  all  the  wood  for  this 
purpose  is  kept  soaking  in  a  pool  of  water.  Three  or  excep¬ 
tionally  four  pollings  are  made,  the  number  depending  on  the 
quality  of  the  lead;  each  polling  lasts  about  an  hour,  so  that 
the  furnace  is  ready  to  receive  a  new  charge  as  soon  as  the  one 
lefined  m  the  softening  furnace  is  desilverized.  There  is  a  <rreat 
adjutage,  both  ,n  the  reverberatory  furnace  and  in  the  polling- 
kettle,  in  using  dry  steam,  both  to  oxidize  the  zinc  and  to  brim, 

Ihe  ven  wetS  “  ^  **  U  ia  for  this  ™*on  that 

ST  I'  USed  lnthcP°llinS  kettles,  as  it  is  the  steam 
which  does  the  work,  producing  a  very  high  quality  of  lead  The 

advantage  of  polling  with  wood  in  the  reverbera Jy  furnace  1 
long  been  recognised,  but  it  is  only  lately  that  st  an“it 
much  more  manageable,  has  been  used.  When  sto*»,  ’  , 

polling,  it  is  introduced  from  an  iron  pnellt,  “ 
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ten  to  sixty  minutes,  the  time  depending  on  the  purity  of  the  lead. 
Generally,  however,  in  the  United  States,  the  lead  contains  so 
large  an  amount  of  antimony,  that  the  softening  furnaces  must 
he  used.  The  polling  kettle  is  only  used  as  an  auxiliary,  so  as 
not  to  delay  the  preceding  operations,  in  case  the  antimony  is  not 
all  out  when  the  next  charge  is  ready  to  go  into  the  softening 
furnace.  It  is  much  better  to  poll  with  steam,  than  to  keep  the 
lead  longer  in  the  softening  furnace,  and  thus  keep  back  the  rest 
of  the  process.  The  weight  of  the  dross  collected  from  a  kettle  at 
the  Germania  Works,  which  was  polled  four  times,  is  given  below. 


lb. 

1st  polling  . . . 

1301 

2nd  „  ... 

881 

3rd  „  ... 

071 

4th  „  ... 

Total  ... 

200 

3143 

The  crosses  from  all  the  pollings,  usually  amounting  to  from 
1000  lb.  to  2100  lb.,  are  melted,  at  the  Germania  Works,  in  a  rever¬ 
beratory  furnace,  and  make  common  soft  lead.  The  crasses  from 
the  softening  furnace,  however,  make  silver  lead,  which  is  treated 
by  zinc.  Those  from  refining,  which  at  the  Germania  Works 
is  called  calcination,  make  soft  lead  of  ordinary  quality. 

The  following  Table  gives  the  quantity  of  skimmings  for 
examples  Nos.  1  and  2,  page  93. 

lb. 

From  refining  furnace .  31,700 

Polling  kettle  .  20,352 

Quantity  of  work  lead  taken  from  the  polling  kettle,  70.25  per  cent. 

Silver  contained  in  the  market  lead,  per  1000  kilogrammes,  0  grammes. 


d  he  polling  kettles  at  Cheltenham,  are  emptied  by  the  Steitz 
*}phon,  big.  15.  To  this,  it  is  first  heated  in  the  melted  lead ; 
it  is  then  turned  over  so  that  the  funnel-end,  a ,  is  uppermost. 
Ihe  stop-cock,  6,  is  then  opened,  and  melted  lead  poured  into  the 
unnel,  d,  which  is  inserted  into  a  for  the  purpose.  When  full, 
ie  stop-cock,  b,  is  closed,  and  the  syphon,  full  of  lead,  is  then 
i^lT  over  into  the  kettle,  and  placed  in  the  position  shown 
ui  ig.  15.  The  joints  of  this  syphon  are  made  of  gas-pipe 
inos-  At  first  it  was  supposed  to  be  necessary  to  make 

peifectly  air-tight,  but  afterwards  it  was  found  that 
VOL.  i. 
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when  six  or  eight  threads  of  the  screw  were  run  into  the 
fitting,  the  joint  was  lead-tight,  and  perfectly  flexible.  The 
end  of  the  syphon,  where  it  turns  down  to  discharge  the  lead. 


~<2L*y!r  f.,r 

-^£xr: 
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discharging  the  furnaces  is  made  as  has  been  described  for  the 
softening  furnace,  except  that  the  angle  iron  at  the  end  away 
from  the  furnace  is  supported  above  a  swinging  trough  suspended 
to  the  ceiling  one  end  of  which  is  circular  in  shape.  The  tap- 
hole  of  the  furnace  is  opened  ;  the  lead  flows  in  the  angle-iron 
launder  to  the  foot  of  the  swinging  trough,  the  spout  of  which 
can  be  directed  at  will  toward  any  ingot  mould  which  is  to  be 
fiUed.  When  the  casting  is  complete  the  angle  iron  is  taken 
away,  and  the  swinging  trough  removed.  As  this  involves  the 
use  of  a  large  number  of  ingot  moulds  in  other  parts  of  the 
same  works,  the  casting  is  done  in  pig  moulds  attached  to  bogies, 
of  which  there  are  four.  The  first  is  filled  and  rolled  away  to 
cool,  the  second  and  third  are  filled  and  rolled  away  in  the  Jame 
way.  \\  hen  the  third  is  withdrawn,  and  by  the  time  the  fourth  is 
ready  to  fill,  the  first  is  cool  enough  to  be  tipped,  and  is  brought 
to  its  place  to  be  filled  again  by  the  time  that  the  fourth  com¬ 
mences  to  fill.  This  method  requires  but  few  moulds,  but  needs 
quick  and  dexterous  men. 

4.  Treatment  of  Zinc  Scums. — The  zinc  crusts  from  the  liqua¬ 
tion,  are  reduced  to  small  pieces  and  distilled.  If  it  has  been 
carefully  liquated,  it  will  not  contain  more  than  4  to  6  per  cent, 
of  lead.  The  distillation  is  done  in  graphite  retorts  in  fixed 
furnaces,  as  was  formerly  the  case  at  Bloomfield  and  Cheltenham, 
or  in  haber  du  Faur’s  tilting  furnace. 

At  the  Germania  Works,  the  Flack  process  is  sometimes  used 
foi  commercial  reasons,  but  it  was  never  considered  good  metal¬ 
lurgy.  It  consists  in  charging  the  zinc  scums  in  a  shaft- 
furnace  with  the  drosses  from  refining  and  ores  of  all  kinds. 
Ihe  result  of  this  treatment  is  a  rich  silver  lead,  but  the 
greater  part  of  the  zinc  is  lost  From  a  metallurgical  stand¬ 
point,  this  treatment  is  very  objectionable,  and  should  not 
be  imitated  ;  but  the  commercial  conditions  in  Utah  are  so 
peculiar  that  it  has  proved  financially  successful,  owing  probably 
to  the  gieat  skill  with  which  the  process  is  managed  ;  for  a  bad 
process  well  conducted  may  sometimes  be  made  successful.  In 
almost  every  other  establishment  in  the  country,  the  zinc  scums 
are  retorted.  The  retorts  used  at  Bloomfield,  N.  J.,  Philadelphia, 

eltenham,  and  the  Germania  Works,  are  shown  in  Figs.  19,  20, 

H  2 
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and  22.  They  formerly  varied  but  little  in  different  works. 
They  were  made  of  as  small  a  capacity  as  200  lb.,  but  this  was 
found  to  be  too  small.  They  have  been  recently  made  as  high 
as  700  lb.,  but  this  is  rather  large.  The  usual  capacity  is  between 
400  lb.  and  500  lb.  Generally  they  are  J  in.  thick  on  the  sides  and 
nearly  twice  that  on  the  bottom  ;  the  neck  is  7  in.  long  and  the 
body  of  the  retort  is  2  ft.  The  diameter  at  the  extremity  of 
the  neck  is  54  in.,  but  where  it  joins  the  body  it  is  8  in.  The 
body  in  its  widest  part  is  1 4  in.,  but  it  is  only  9  in.  at  the  end. 
These  retorts  are  made  of  New  Jersey  clay  and  chamotte  with 
25  per  cent,  of  graphite.  They  were  formerly  one  of  the  largest 
items  of  cost  in  the  conduct  of  the  operation. 

One  of  the  first  furnaces  used  for  the  distillation  of  the  zinc 
was  invented  by  Mr.  W.  M.  Brodie,  and  has  been  constructed 
in  several  works.  It  consists  of  a  large  chamber,  in  which  six 
retorts  are  placed  in  two  levels,  as  shown  in  Fig.  19.  These  are 
heated  by  a  fireplace,  2  ft.  10  in.  long  and  15  in.  wide,  with  cast- 
iron  grate-bars  which  is  blown  by  a  forced  blast  which  enters 
the  ash-pit  at  c,  having  first  been  heated  in  two  hot-air  pipes 
which  are  placed  in  compartments  above  and  behind  the  furnace. 
The  retorts  are  protected  from  the  direct  action  of  the  fire  by  the 
arches,  d.  The  heat  escapes  by  the  flues  above  the  retort 
chamber,  passes  into  the  chamber  above,  down  at  the  back,  and 
out  of  the  furnace  by  an  underground  flue.  The  retorts  are  the 
ordinary  graphite  retorts,  holding  from  450  lb.  to  500  lb.,  so  that 
the  furnace  would  hold  from  2G00  lb.  to  8000  lb.  of  alloy  at  a 
time.  Each  retort  has  a  condenser,  h,  attached  to  it,  and  in  front 
of  it  a  charging-table,  /,  covered  with  cast  iron.  It  is  necessary 
to  remove  the  condenser,  as  in  the  other  furnaces,  to  clean  the 
retort.  The  furnace  is  tapped  on  the  baek  side  at  e,  from  holes 
\  in.  in  diameter,  bored  through  the  bottom  of  the  retort,  into 
moulds  placed  on  the  iron  ledge,  <j. 

If  the  material  charged  is  pure,  the  time  required  for  an 
operation  is  twelve  hours.  If  it  is  not,  it  may  require  as  much  as 
twenty-four  hours,  depending  on  the  quality  of  the  material 
charged.  One  man  does  the  work  of  the  six  retorts.  The  amount 
of  fuel  required  is  one  ton  of  coal  for  one  ton  of  alloy.  The 
results  do  not  differ  materially  from  those  of  the  other  furnaces, 
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except  that  the  operation  is  longer.  They  were  constructed  in 
the  now  abandoned  works  at  Bloomfield,  N.  J.,  and  in  the  works 
of  Messrs.  Tatham,  in  Philadelphia. 

The  following  Table  of  the  results  of  the  working  of  this 
furnace  has  been  prepared  for  me  by  Mr.  C.  Kirchoff,  Jun,  who 
had  charge  of  these  furnaces  while  they  were  working : 


Table  of  Charges  in  the  Brodie  Furnace. 


— 

No.  of  Shifts 
of  12  Hours. 

Pounds  of  Zinc 
Scum  Liquatec 
in  Kettle. 

No.  If  . 

19 

9,916 

„  2f  .  . 

17 

13,656 

„  3t  .  . 

21 

19,944 

„  4  .  . 

20 

19,622+ 

>»  5 

20 

27,324+ 

„  6  • 

28 

21,1141 

With  hotair  . 

28 

17,3001 

Pounds  of  Bitu- 
1  minous  Coal 
used  for  Dis¬ 
tillation. 

Number  of  Bar- 

rows  of  Char¬ 

coal.* 

Yield  in  Rich 

Lead. 

No.  of  Charges. 

22,000 

o 

8,081 

05 

20,000 
14,000$  1 

0 

10,802 

00 

with  1  ton  j- 
of  coke.  J 

o 

O 

14,511 

00 

34,000$ 

. . . 

19,015 

73 

20,000 

... 

23,738 

73 

11,927 

... 

14,902 

Mil 

The  following  Table  covers  five  runs :  unfortunately  the  lists 
do  not  specify  how  many  retorts  were  fit  for  further  service  at 
the  end  of  a  run  : 


No  of  retorts 
1st  run 

*\d  ” 

3rd  „ 

5th  „ 


I. 

II. 

III. 

IV. 

y. 

VI. 

13 

7 

11 

12 

9 

11 

12 

10 

9 

10 

9 

12 

10 

13 

8 

10 

12 

7 

12 

15 

12 

12 

15 

7 

13 

14 

7 

13 

13 

13 

The  figures  give  the  number  of  charges  made  in  each  retort. 


At  Cheltenham  the  retorts  are  set  in  the  furnace,  Fig.  20,  with 
the  level  of  the  bottom  below  the  mouth,  and  so  inclined  that  the 


^  barrow  contains  about  four  bushels. 

+  Z.08,  aQd  3  yielded  4040  lb.  of  zinc  regained 

afterwards  C°Pper  scum*  First  scuni  at  first  kept  separat6’  bUt 

•  ne  half  anthracite  and  one-half  bituminous. 

11  *our  retorts  were  still  good. 
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syphon,  tig.  21,  can  draw  out  nearly  the  whole  of  the  silver- 
lead.  Some  of  it  will  remain,  but  this  is  no  disadvantage,  as 
it  is  not  lost.  It  is  collected  when  the  retort  is  broken.  Its 
presence,  however,  requires  that  a  reducing  temperature  should 
always  be  kept  up  in  the  retort,  otherwise  litharge  would  form 
and  the  retort  be  quickly  pierced.  The  furnace  is  a  cube  of 
firebrick,  3  ft.  in  cube,  braced  in  every  direction  with  wrought- 
iron  bands  3  in.  wide.  On  the  top  there  is  a  round  hole,  hy  10  in. 
in  diameter,  for  the  introduction  of  the  fuel ;  on  the  front,  is  an 
opening  for  the  neck  of  the  retort,  c,  and  on  the  back,  a  square 
flue,  g,  leading  to  the  chimney.  The  retort  is  introduced  from 
the  bottom.  The  furnace  has  twelve  grate- bars  1  in.  square,  and 
is  supported  in  front  on  masonry,  by  built  with  two  steps,  each 
of  which  is  18  in.  high,  but  vertical  behind.  The  retort  is 
supported  on  a  pillar  of  brickwork,  d,  resting  on  the  ground, 
through  which  the  grate-bars  pass.  It  is  thus  in  the  centre  of 
the  furnace  and  is  surrounded  on  all  sides  by  fuel.  It  costs 
from  SI 4  to  S16  and  lasts  from  15  to  30  turns.  When  it  breaks, 
it  is  not  because  it  is  worn  out,  but  because  the  workmen  break 
it  in  trying  to  force  off  the  cinders  attached  to  it.  Five  of 
these  funaces  were  arranged  in  a  house  by  themselves,  about  a 
hexagonal  chimney,  and  connected  with  it  by  the  flue,  gy 
3  tt.  long.  The  sixth  side  of  the  chimney  is  occupied  by  a 
melting  furnace.  Only  three  of  the  furnaces  are  run  at  a  time, 
the  others  being  kept  in  reserve  in  case  of  accident  or  necessary 
repairs. 

The  fuel  used  was  at  first  coke,  which  was  given  up  because 
the  clinkers  attached  themselves  to  the  retorts.  In  trying  to 
remove  them,  the  men  constantly  broke  the  retorts  by  poking 
them,  while  the  cinder  was  soft,  with  iron  tools,  through  the 
opening  for  the  introduction  of  fuel.  Petroleum  was  then  used 
with  great  success,  but  the  furnaces  were  finally  abandoned  at 
these  works  for  Faber  du  Faur’s  furnace. 

The  charge  of  380  lb.  of  zinc  skimmings  is  introduced  with 
a  spoon,  immediately  after  the  preceding  operation  is  finished. 
Two  small  scoopfuls  of  small  charcoal  are  added  at  the  same 
time.  The  heat  is  so  high  that  most  of  the  charge  melts  at  once 
A  prolong  e,  Fig.  20,  2  ft.  long,  4  in.  in  diameter  at  the  small  and 
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9  in.  at  the  large  end,  is  then  put  on  and  luted.  It  is  partially 
filled  with  charcoal.  The  prolong  is  covered  on  the  outside  with 
sheet  iion,  to  protect  it  against  accident.  It  is  supported  on  a 
cast-iron  shelf,  /,  which  can  be  raised  or  lowered  at  will  by 
detaching  a  bar  underneath  it  This  is  necessary  to  prevent  the 
weight  of  the  prolong  breaking  the  retort  while  the  furnace  is 
working.  When  the  charge  is  drawn,  it  must  be  let  down  so  as 
not  to  interfere  with  the  syphon,  Fig.  21. 

The  zinc  commences  to  distil  in  about  three-quarters  of  an 
hour.  Metallic  zinc  collects  in  the  condenser.  Some  blue  powder 
and  oxide  of  zinc  also  form  there.  The  object  of  the  charcoal 
is  to  prevent  the  formation  of  oxide  as  much  as  possible.  The 
zinc  is  allowed  to  accumulate,  and  is  drawn  from  time  to  time 
with  a  spoon  into  a  mould  placed  in  front  of  the  prolong.  About 
60  per  cent,  of  the  zinc  is  recovered  as  metallic  zinc  and  is  cast 
into  slabs  to  be  used  over  again  ;  20  per  cent  is  recovered  as  blue 
powder  mixed  with  oxide,  the  rest  of  the  zinc  is  lost.  The 
amount  of  silver  contained  in  what  is  recovered  is  not  appreciable. 
When  the  zinc  is  nearly  distilled,  a  small  piece  of  wood  Is  put 
into  the  retort  to  make  a  reducing  atmosphere,  to  prevent  the 
formation  of  litharge,  which  would  pierce  the  sides,  and  to  form 
a  current  of  gas  from  the  inside  to  the  outside  of  the  retort. 
The  charge  of  rich  silver-lead  remaining  after  the  zinc  is  dis¬ 
tilled  is  drawn  with  the  iron  syphon,  Fig.  21.  It  must  be  heated 
before  it  is  introduced,  and  is  handled  with  heavy  mittens.  The 
lead  is  cast  into  pigs  ready  for  cupellation. 

Before  the  invention  of  the  Steitz  syphon,  the  neck  of  the 
retort,  which  was  necessarily  built  into  the  masonry  of  the 
furnace,  had  to  be  disengaged  while  it  was  at  a  white  heat,  before 
the  rich  silver-lead  could  be  discharged  from  the  furnace.  The 
percentage  of  breakage  was  thus  greatly  increased,  so  that 
between  the  necessity  of  getting  rid  of  the  clinkers  on  the 
outside  of  the  retort,  and  the  necessity  of  disengaging  the  neck 
every  time  it  was  discharged,  the  number  of  retorts  broken  was 
very  large.  The  syphon  proved  to  be  a  complete  remedy,  but 
was  difficult  to  use,  much  more  so  than  the  polling-pot  syphons. 
The  objections  to  using  these  furnaces  was  not  only  the  breakage 
of  the  retorts  but  the  large  quantity  of  fuel  they  consumed. 
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The  Brodie  furnace,  with  two  tiers  of  retorts,  consumed  less  than 
the  Cheltenham  furnace,  but  the  retorts  were  more  difficult  to 
manage.  The  use  of  petroleum  seemed  to  be  a  real  progress,  and 
the  use  of  gas  was  proposed,  when  the  invention  of  the  tilting- 
fumacc  overcame  all  difficulties,  and  it  is  now  almost  universallv 
used  for  this  purpose. 

The  general  shape  of  Faber  du  Faur’s  furnace  is  essentially 
the  same  as  that  at  Cheltenham  ;  but  it  is  suspended  on  pivots, 
so  that  it  is  capable  of  rotation  by  means  of  a  worm  attached  to 
a  handwheel,  as  in  the  American  type  of  the  furnace,  Fig.  22, 
or  by  means  of  a  lever,  as  in  the  German  type,  used  in  Newark 
and  in  Prussia,  Fig.  23.  The  furnace  is  3  ft.  3  in.  by  2  ft.  11  in. 
in  section,  by  3  ft.  high  on  the  outside,  2  ft.  1  in.  by  2  ft.  3  in., 
and  2  ft.  9  in.  from  the  grate-bars  to  the  centre  of  the  arch  on 
the  inside.  There  is  an  opening  11  in.  in  diameter  on  the  top,  for 
the  introduction  of  the  fuel,  and  on  the  back  a  flue  6  ft.  G  in. 
leading  to  the  chimney.  There  are  12  grate-bars  1  in.  square 
and  2  ft.  9  in.  long  set  on  edge.  The  retort  is  built  into  the 
furnace  in  the  same  way  as  at  Cheltenham. 

big.  *.4  gives  the  plan  of  the  furnaces  at  Salt  Lake,  showing 
the  disposition  of  the  eight  furnaces,  a,  with  regard  to  the  main 
chimney,  g,  and  a  section  across  the  flue,  /.  At  Mansfield  Valley, 
the  chimney  is  at  the  end  of  the  line  of  furnaces.  The  weight  of 
the  iron  for  a  furnace  is  nearly  as  follows  : 


Cast-iron  box  . 

Grate-bar  bearers 
Two  standards 

Cast  iron  . . 

Wrought-iron  bars  . 

The  wrought  iron  costs  from  §150  to  $1G5. 


Jb. 

1200 

300 

630 

2096 

181 


dull  ?  TT  ^  Until  the  rotort  gradually  arrives  at  a 

dul  red  heat  when  a  eharge  of  250  lb.  to  400  lb.  of  the  alloy, 

broken  up  wine  still  soft,  in  order  to  get  it  of  a  suitable  size  fi 

ntrodueT  T?  UUXUd  "'ith  5  lb'  t0  °  lb‘  °f  SIna11  <Woal,  is 
mhodueed  with  a  seoop.  It  is  brought  to  the  retorts  at  MansHeld 

;r::r  ,w  ris>  about  3  a  * 3  ^  wr  than 

the  mouth  of  the  retort.  As  soon  as  the  retort  is  charged,  the 


Fig,  22. 
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temperature  is  gradually  raised  to  a  white  heat,  and  when  the 
zinc  vapours  begin  to  appear,  the  condenser,  made  in  the  same 
way  as  that  at  Cheltenham,  is  put  on.  At  Mansfield,  they  use 
for  a  condenser  a  retort,  No.  100,  with  the  bottom  broken  out, 
and  a  hole  punched  in  the  side  to  discharge  the  zinc.  A  piece  of 
common  stove-pipe  is  attached  to  the  mouth  to  cany  off  the 
gases. 

The  retorts  usually  last  fifteen  to  twenty  charges.  The  time 
they  will  bust  depends  largely  on  the  quantity  and  quality  of  the 
ash  in  the  fuel  used,  and  the  care  exercised  by  the  men  when 
poking  the  fire.  At  the  Germania  Works,  with  an  English  coke  of 
4  per  cent,  ash  and  careful  handling,  they  have  been  made  to  last 
twenty  to  twenty-five;  with  very  careful  watching  they  have  been 
made  to  last  forty-five.  As  soon  as  the  zinc  commences  to  collect, 
a  wagon,  containing  the  moulds  for  the  zinc  and  the  support  for 
the  condensers,  is  rolled  up  against  the  front  of  the  furnace, 
which  has  been  entirely  free  since  the  charge  was  introduced. 
The  zinc  distils,  and  is  collected  in  the  condenser,  and  held  there 
by  the  oxides  and  blue  powder  which  collect  in  front,  and  are 
used  by  the  workmen  to  form  a  daui  to  hold  the  zinc  back. 
When  sufficient  has  collected  it  is  drawn  into  the  moulds.  The 
total  amount  collected  as  metal  varies  from  45  per  cent,  to 
GO  per  cent.,  and  is  used  over  again.  The  blue  powder  and  oxides 
amount  to  from  20  to  30  per  cent. ;  these  are  sold  to  the  zinc 
works.  Some  of  the  zinc  is  lost  by  volatilisation,  and  from  0.7 
to  1  per  cent,  retained  in  the  lead.  The  blue  powder  of  the  con¬ 
densers,  and  the  dross  which  forms  in  the  retort,  are  difficult 
materials  to  treat.  They  contain  some  silver.  As  the  blue 
powder  is  mostly  metallic  zinc,  it  can  lie  mixed,  to  some  extent, 
with  zinc  used  in  the  first  additions  of  zinc  used  on  the  charge 
or  added  to  the  blast  furnace  charge.  It  was  formerly  sold  to 
the  zinc  furnaces,  but  this  is  not  now  usually  done.  The  dross, 
slags,  old  retorts,  cupelle  bottoms,  litharge,  and  uiost  of  the  pro¬ 
ducts  containing  silver  are  worked  into  the  shaft  furnace  charges, 
or  are  sometimes  treated  in  a  special  reverberatory  furnace. 

As  soon  as  the  zinc  escaping  appears  in  small  quantity 
the  lead  contains  but  little  zinc ;  but  as  it  is  desirable  to 
remove,  as  far  as  possible,  the  last  traces  of  it,  the  heat  is  kept 
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out  of  the  retort.  The  retort  should  last  twenty  operations  on 
an  average,  and  it  is  generally  broken  before  it  is  worn  out;  but 
when  much  antimony  is  present  in  the  lead,  they  last  a  much 
shorter  time,  so  that  it  is  always  desirable  to  soften  the  metal 
before  treating  it  with  zinc.  In  some  of  the  works,  owing  to  care¬ 
less  management  in  not  carefully  cleaning  the  inside  and  outside 
of  the  retorts,  they  lasted  for  only  nine  to  ten  operations.  When 
a  new  retort  is  necessary,  the  furnace  must  be  allowed  to  cool 
down,  the  grate-bars  are  taken  out,  and  the  retort  introduced 
from  the  bottom.  It  would  seem  that  there  should  be  no  ques¬ 
tion  with  regard  to  the  adoption  of  the  tilting  furnace.  The 
most  expensive  articles  used  in  it,  however,  are  the  retorts.  In 
a  fixed  furnace  like  that  at  Cheltenham,  they  may,  with  a  little 
care,  be  made  to  last  twenty-five  or  even  thirty  charges.  In  the 
tilting  furnace,  however,  they  do  not  last  much  over  fifteen. 
The  cause  of  their  decay  is,  on  the  inside,  from  the  formation  of 
lead  oxide,  and  on  the  outside  of  clinker,  which  is  not  so  easily 
removed  in  the  tilting  as  in  the  stationary  furnace.  In  some 
works  in  Europe  retorts,  weighing  over  a  ton,  lined  on  the  inside 
with  graphite,  have  been  used  in  fixed  and  in  regenerative 
furnaces  with  success.  In  the  United  States  they  have  not,  to  my 
knowledge,  been  used.  In  some  works  the  outside  of  the  retort 
has  been  washed  with  clay,  which  does  not  allow  the  cinder  to 
adhere  to  the  sides  of  the  retort,  or  makes  it  separate  easily. 
In  others  it  is  said  that  they  have  been  coated  with  a  mixture 
of  fine  quartz  and  feldspar  which  effects  the  same  purpose. 

The  flues  leading  to  the  chimney,  at  Mansfield,  are  made  with 
flaring  sides  at  the  bottom,  for  18  in.  in  height.  The  sides  of 
the  upper  part  are  vertical  and  are  rounded  at  the  top.  Every 
(  ft.,  at  the  bottom,  a  partition  is  put  in,  one-third  of  the  whole 
height  of  the  flue.  In  the  brick  flues,  which  are  5  ft.  high,  the 
partitions  are  put  in  every  18  in.,  and  further  apart.  In  both 
the  iron  and  brick  flues  the  most  dust  is  caught  near  the  furnace. 
The  dust  settles  by  gravity  in  these  catches,  and  as  there  can  be 
no  velocity  there,  owing  to  the  partitions,  it  remains  there. 
Short  flues  of  this  construction  have  been  found  to  be  much 
more  effective  than  large  condensing  chambers.  The  experience 
of  some  of  the  best  works  in  Europe  is  that  surface,  not  volume. 
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is  the  indispensable  requisite  to  the  proper  collection  of  both 
volatmid  *S  °anied  0<F  mCChaniCaIly  “  Wel1  88  «>ose  which  are 

The  amount  of  zinc  in  the  skimmings  is  very  variable.  If  it 
contains  35  per  cent,  of  zinc,  20  per  cent,  will  be  recovered  a, 
metallic  zinc,  and  10  per  cent,  as  oxide,  which  is  afterwards 
reduced,  and  5  per  cent,  will  be  lost.  This  last  is  either  in  the 
ea.1  or  volatilised  in  the  different  operations.  If  the  skimmings 
contain  only  10  per  cent.,  3  per  cent,  will  be  recovered  as 
metallic  zinc,  5  per  cent,  will  be  recovered  as  oxide,  and  2 

per  cent,  will  be  lost.  No  lead  or  silver  is  found  in  the  dis- 
tilled  zinc. 

The  tilting  furnace  is  a  very  great  improvement  on  all  those 
in  which  the  retort  is  fixed  so  far  as  the  work  is  concerned,  as  it 
necessitates  the  least  amount  of  it  being  done  on  it,  and  at  the 

k  time  allows  perfect  manipulation  of  the  furnace,  but  it  does 
not  always  allow  of  using  the  fewest  retorts. 

The  following  Table,  prepared  by  Mr.  E.  F.  Euricli,  gives 

le  account  of  two  charges  in  Faber  du  Faurs  furnace,  at  Mans- 
field  rf* 


Distillation  of  the  Zinc  rich  in  Silver. 


WeichircoaJ11<>y  I>Cr  Charg°  With  $  lb>  of  tine 
No.  of  charges  . 

No.  of  distillations  in  24  hours  in  each  retort 
Tota^ainount  of  liquated  zinc-crusts  charged 

Result :  Rich  lead 

Metallic  scraps 
Charcoal  with  little  motal  .* 

Metallic  zinc 
Blue  powder  and  oxide 
Coke  used,  in  bushels  of  40  lb. 

Quantity  of  coke  per  lb.  of  zinc-crust 


No.  1. 


353  lb. 
27 
2 

9525  lb. 
108  „ 
7009  „ 
390  „ 
weighed. 
770  lb. 
weighed. 
410.4 
1.7  I 


not 

not 


not 


No.  2. 


353  lb. 
20 
2 

C302  lb. 
80  „ 
5221  „ 
weighed. 


270 

1.73 


M.  Faber  du  Faur  has  proposed  another  furnace,  shown  in 
Fig.  25,  constructed  on  the  tilting  principle,  which  is  designed 

*  “Collection  of  Flue  Dust  at  Ems."  Trans.  Am.  Inst.  Min.  Enrnn™™ 
vol.  ii.,  p.  379.  -engineers, 
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tilting  furnace 

for  FLAME  or  GAS,  BVF.  DU  FAUR. 


SCALE  OF  FEET  AND  INCHES 


SECTION  THROUGH  A.B. 


SECTION  THROUGH  C.D. 
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Fig  25- 


Cupelling  the  Silver  Lead.  j  09 

to  receive  a  charge  of  1  ton  at  a  time.  The  retort  4  , 

fireclay,  lined  on  the  inside  with  graphite.  It  is  6  ft  f  •  i°  °£ 
on  the  outside,  5  ft.  10  in.  long  on  the  inside,  and  7  in  high  °it 
is  placed  on  a  cast-iron  frame,  e,  protected  by  firebrick,  and  con 
nects  with  a  condenser,  a,  12  in.  in  diameter  and  2  ft  3  in  hi<d 
on  the  inside,  which  is  placed  on  wheels  so  as  to  be  moved' when 
the  retort  is  to  be  tilted.  The  retort  is  moved  mechanically  from 
he  fireplace  end  at/.  The  furnace  may  be  constructed  for  solid 
fuel  as  in  the  drawing,  but  it  was  invented  exclusively  for  the 
use  of  gas  and  hot  air.  The  object  in  the  construction  of  the 
retort  was  to  have  the  largest  possible  surface  for  distillation 
with  the  shallowest  depth  of  metal,  which  will  not  exceed  21  in 
to  3  in.  It  was  proposed  to  make  the  retort  in  two  parts  if 
necessary.  This  furnace  has  never  yet  been  built,  on  account  of 
the  commercial  depression.  Contracts  for  its  construction  were 
once  prepared  but  not  completed.  It  seems  to  have  the  advan¬ 
tage  of  being  able  to  treat  a  large  quantity  expeditiously,  and 
thus  economise  in  labour  and  material. 

The  silver-lead,  containing  from  2000  to  ,*1000  ounces  of  silver, 
is  cupelled  in  an  English  cupclle  furnace.  At  the  Germania 
or 's,  there  are  two  of  these  furnaces  ;  at  Cheltenham  only 
one.  They  are  blown  with  a  steam  jet  in  both  places.  They  are 
usually  at  work  one  week,  during  which  time  they  treat  35  bars 
o  65  lb.  each  per  day.  The  silver  is  then  tapped,  and  the  test 
c  langed,  or  the  other  furnace  used.  The  silver  bullion  produced 
weighs  about  9000  ounces,  and  is  usually  990  to  995  tine, 
and  contains  four  to  five  thousandths  of  gold,  the  proportion*! 
of  both  metals  varying  with  the  bullion  or  ore  purchased.  The 
thaiges  produced  are  reduced  in  a  reverberatory  furnace, 
t  Cheltenham  the  cupellation  is  done  on  a  Steitz  water-lmck 
cupelle  made  of  a  hollow  casting,  through  which  water  flows. 

is  was  formerly  made  of  iron,  cast  in  one  piece,  but  it  was 
ound  not  to  answer,  as  the  front  which  contained  the  litharge 
annel  wore  out  rapidly.  This  part  was  then  made  separate, 

?°  t  at  it  could  be  quickly  replaced  when  the  furnace  was  work- 
Recently  copper  water-backs  with  replaceable  iron  litharge 
back^  ^aVe  ^een  usec*'  The  kfcd  i-s  concentrated  on  the  water- 
up  to  60  per  cent,  silver  and  is  then  finished  on  an  ordinary 


1 10  Cupellation. 

English  hearth.  A  very  great  advantage  has  been  found  in 
thus  dividing  the  operation,  as  up  to  about  60  per  cent,  of  silvei 
the  concentration  can  be  done  by  an  ordinary  workman.  The 
iinishing  only  will  thus  have  to  be  done  by  an  experienced  man. 
It  is  also  considered  that  as  the  responsibility  is  more  indivi¬ 
dualised,  this  method  of  conducting  the  operation  in  two  parts, 
greatly  diminishes  the  temptation  on  the  part  of  the  men  to 
steal  the  silver,  and  the  risk  on  the  owner  of  losing  any  of  it. 

At  Mansfield  Valley,  the  cupelle  was  formerly  made  of  an  arti¬ 
ficial  marl,  made  by  mixing  clay  and  pulverised  limestone  together, 
as  is  frequently  done  in  Germany.  This  was  stamped  into  a  mould 
and  the  shape  of  the  test  cut  out  of  it.  Now,  however,  both  here 
and  at  Aurora,  Illinois,  the  cupelle  is  made  of  the  best  hydraulic 
Portland  cement,  moistened  enough  to  ball  in  the  hand,  and 
stamped  in  an  iron  mould.  The  test  is  3  ft.  by  4  ft.  on  the  inside. 
The  iron  frame  which  supports  it  is  flanged  on  the  bottom  at 
right  angles  to  the  rim,  which  is  7 h  in.  high,  while  the  flange  is 
oi  in.  wide.  The  test  is  made  either  on  an  iron  mould,  which 
gives  the  shape  to  the  inside,  or  is  cut  out  of  the  material  after 
the  frame  has  been  stamped  full.  At  first  they  were  always 
cut  out,  now  they  are  generally  stamped  over  the  mould.  When 
made,  the  cupelles  are  left  to  temper  for  four  weeks,  to  insure  a 
good  test.  They  could  be  used  after  a  week  but  it  is  better  not 
to  do  so.  The  test  is  supported  in  the  furnace  on  an  iron  plate, 
and  is  held  up  to  its  place  by  four  large  screws.  The  charge  of  a 
rich  alloy  is  1400  lb.  The  cupelle  is  used  for  a  week,  and  cupelles 
from  10  tons  to  12  tons  up  to  996  fine,  and  that  directly  from 
the  lead.  The  lead  is  added  in  the  cupelle  till  just  before  it  is 
too  rich,  then  cleaned  off  and  the  silver  is  refined,  and  is  run 
into  the  brick  moulds  directly  from  the  cupelle.  A  little  copper 
is  added,  to  prevent  the  spitting  of  the  silver.  The  copper 
absorbs  the  oxygen,  and  prevents  the  spitting.  When  any 
copper  is  present  in  the  lead,  even  when  gold  is  present  it  rarely 
ever  spits.  When  the  silver  is  ready  to  cast  into  bricks,  the  test 
is  loosened,  and  a  curved  bar  is  placed  on  a  support  made  for 
the  purpose  underneath  it.*  The  whole  test  is  then  raised  by 
a  Weston  pulley,  and  the  silver,  tipped  at  once  into  the  moulds 
*  Trans.  Am.  Inst.  Min.  Eng.,  vol.  x.,  p.  220. 
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for  the  bricks,  is  994  to  996  fine.  Tins  cupelle  thus  allows  of 
casting,  without  refining  in  a  separate  furnace.  It  is  the  inven 
tion  of  Mr  Enrich,  formerly  the  manager  of  the  Pennsylvania 
Lead  W orks,  ami  is  one  of  the  many  ingenious  additions  to 
metallurgical  progress  which  he  has  made. 

Taking  into  view  the  fact,  that  lead  which  contains  an  appre¬ 
ciable  amount  of  silver  and  the  other  impurities  which  usually 
accompany  the  precious  metals  when  they  are  found  in  lead 
cannot  be  so  used  in  most  manufacturing  processes,  what  amount 
of  silver  it  will  be  economically  worth  while  to  separate  is  rather 
a  question  of  the  relation  between  the  price  of  the  lead  contain¬ 
ing  these  impurities  and  marketable  lead  than  of  the  quantity 
of  silver  contained  in  it.  The  value  of  such  material  may,  how¬ 
ever,  be  approximately  estimated  by  the  charges  usually  made 
for  refining  it  For  ordinary  silver-lead  containing  no  gold  and 
of  not  too  high  a  grade, the  ordinary'  refining  charges  would  be 
about  913.  Ninety-five  per  cent,  of  the  lead,  and  all  but  3 
ounces  of  the  silver,  would  be  returned.  This  would  make  the 
cost  to  the  owner,  within  the  last  two  or  three  years,  a  little  over 
520  the  ton.  Lead  with  a  lower  silver  contents,  if  free  from 
other  impurities,  could  be  treated  at  a  much  lower  price,  but 
such  material  is  rarely,  if  ever,  found. 

The  following  Tables,  prepared  by  Mr.  E.  F.  Eurich,  give  the 
results  of  cupellation  at  Mansfield  :* 
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Cupdlatioru 


Silver  Obtained. 


No.  1. 


No.  2. 


Quantity  of  silver  in  the  refined  work 

le*u\ . 

Silver  tapped  from  the  cupelle,  .080 

fine  C, 088. Too* . 

Silver  tapp'd  from  the  cuj>elle,  .089 

fine  5,714.50  o* . 

Small  pieces  of  silver  from  thecupelle 
.070  fine  150.00  ox.  . 

Small  pieces  of  silver  from  the  cupelle 
.070  fine  115.00  ox.  . 

In  market  load  0.33  ox.  per  ton  in 

07,104  lb . 

In  market  lead  0.33  ox.  per  ton  in 

53,420  lb . . 

In  litharge  lead  30  ox.  per  ton  in 
5,209  lb. . 

Total  silver  obtained  . 

Silver  not  recovered  . 


Percentage  of  silver  obtained 


0,305.0 


0,031.00 


140.50, 


11.18 


5,045.9 

111.5 

ao 

7ao 


0,189.34 
11 0.20 


>,844,3 

321.6 


0,305.00  0,305.0 

uai 


1,105.9 

93.3 


ox. 

0,105.9 


6,105.0 


Leap  Obtained. 


-  No.  1.  No.  2. 

lb. 

lb.  lb. 

lb. 

Work  lead  used 

"  Schlicker”  3497  lb.  at  80  per  cent,  2,797 

Impure  litharge  from  dexincation. 

87,294 

02,895 

3500  lb.  at  80  per  cent,  lead 

2,800 

Lead  in  line  crust  ....  7,705 

5,002 

Soft  market  lead  .  07.104 

Oxides  and  skimmings  from  market 
kettles,  1000  lb.  at  95  per  cent, 
lead  950 

53,420 

Oxides  and  ski  minings  from  market 
kettles  700  lb.  at  95  per  cent, 
lead  .  .  .  . 

Litharge  from  dexincation,  78101b. 

at  80  per  cent,  lead  . 

Lead  from  liquation  , 

Total  lead  , 

Low  about  1.9  per  cents  . 
n  »*  L7  ,,  .  , 


0,248 

808 


85,072 

1,022 


87.294 


005 


01,887 

1,008 


87,294  02,895 


02.895 


Zinc  l)e» i l vc riza turn. 
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Tho  following  example  of  an  operation  at  the  Pennsylvania 
Company^  Works  has  boen  prepared  for  mo  by  Mr.  J.  A.  Knapp, 
formerly  tho  superintendent  there : 

Quantity  of  argentiforoui  load  from  Utah  oron,  obarged  .  20  ton*. 

■ilvor  uftor  droning  in  tho  ooftoning  furnace .  65.04  or.. 
Numbor  of  skimming* . 2 

Intervals  between  skimming*  .  •  •  •  ®  J?uri 

\ftor  droning  in  the  Kino  kettle,  tho  load  contained  »ilver  57.03  o*. 


tho  lint  addition  of  r.ino  . 

Tho  aocond  addition  of  r.ino  wan 
Tho  time  botwoon  No.  1  and  No.  2  .  • 

After  tho  second  addition  tho  load  contained  silver  . 

The  third  addition  of  zinc  was  .  ... 

Aftor  tho  third  addition  the  load  contained  silver 
Numbor  of  skimming*  in  softening  furnace  •  • 

Tho  merchant  lead  from  the  softening  furnace  contained 
silver 


18.84 
.  300  ib. 

.  5  to  0  hri». 

.  0.87  ok. 

.  150  lb. 

.  0.09  os. 

3 


0,003  or.. 


Tho  following  Tables,  1.2,  an.l  0.  have  been  prepared  for  mo  by 
Mr.  E.  F.  Enrich,  as  the  result  of  tho  work  at  the  Pennsylvania 
Lead  Company’s  Works,  in  August,  187!) : 

1.  Lkad  OnTAiNtn. 


Pounds. 


Bullion  Charged  •••••' 
Produced  : 

Metallic  dross,  from  refining  furnace  .  • 

43,540  lb.  rotining  furnace  skimming*,  ai 
811  per  cont.  load.  .  •  •  ,  * , 

Metallic  dross  from  the  desilverizing  kettle  . 
37,367  lb.  zinc  crusts,  containing  .  • 

27,01(1  lb.  softening  furnace  skimmings,  at 

83  per  cent,  lead . 

Merchant  lead 


Loss . 


From  the  above  amount  of  bullion,  tbero  was  pioduct 
591,2+4  lb.  of  refined  bullion,  ready  for  desilverizing. 

The  silver  contents  of  merchant  lead  vary  from  ,U  *  tV, 


Tho  refined  bullion  is  desilverized  with  from  tliree^four 

zinc  additions,  varying  according  to  the  lie  mess  o 

VOL.  L  1 
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Zinc  Dcnilverization . 


The  total  quantity  of  zinc  added  to  effect  the  complete  de¬ 
silverizing  of  591,244  lb.  refined  bullion,  was  7800  lb. 


2.  Silver  Obtained. 


— 

— 

Fine  Silver. 

Charged  : 

Silver  contents  of  501,244  lb.  refined  bullion  . 
Produced  : 

Poured  from  cupelle  33,318  oz.,  containing  . 
Contained  in  20,808  lb.  litharge,  at  38.00  oz. 

,,  ,,  1,302  lb.  test  bottoms 

„  „  skimmings  from  filling  test 

oz. 

33,147.75 

568.06 

300.77 

61.33 

oz. 

35,048.23 

Difference  contained  in  dross  from  retorts 
and  loss . 

34,146.01 

001.32 

35,048.23 

35,048.23 

3.  Distillation  or  the  Zinc  Cruktk 


— 

Pounds. 

Pounds. 

Charged : 

Liquated  zinc  crust. 

Produced  : 

Lead  riches  .... 

Dross  from  retorts,  about 

Metallic  zinc,  about 

Blue  powder  and  zinc  oxide,  not  weighed 

Not  accounted  for  . 

31,142 

2,200 

2,000 

1,115 

37,357 

Number  of  charges  made 

The  average  weight  of  charge  .  !  * 

Total  coke  consumed 

Quantity  of  coke  per  lb.,  zinc  crust.  ’  * 

37,357 

59 

629 

21,000 

0.56 

37,357 

Zinc  Dcs ilver izcit ion . 
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The  following  Tables  were  taken  by  myself  from  the  books 
at  Mansfield  Valley,  with  the  permission  of  Mr.  E.  F.  Eurich, 
in  June,  1880,  and  refer  to  the  months  of  April  and  May  of 
that  year : 


— 

Ounces. 

|  Ounces. 

Cupellation,  April  1st,  1880. 

! 

From  desilverizing  kettles  to  retorts  . 

Retorts  to  cupelle . 

Extracted  from  930  lb.  retort  scrap  . 

Retort  gain . 

31,790.08 

468.81 

31,865.84 

303.05 

Cupellation,  April,  1880. 

32,258.89 

32,258.89 

Charged  27,883  lb.  of  lead  riches 

Produced  silver  bricks  shipped  .... 
Silver  scrap  ....... 

Litharge,  26,880  lb.,  at  32  oz . 

Test  bottoms,  400,  at  248  . 

Cupelle  shimmings,  109  lb. 

Cupelle  gain . 

30,659.58 

723.88 

430.08 

49.60 

87.10 

31,790.08 

160.16 

Cupellation,  May,  1880. 

31,950.24 

31,950.24 

From  desilverizing  kettles  to  retorts  . 

Retorts  to  cupelle  ...... 

Extracted  from  retort  scrap  .... 

Retort  gain . 

43,208.76 

839.33 

43,907.69 

140.40 

Cupellation,  May  8th,  1880. 

44,048.09 

44,048.09 

40,130  lb.  lead  riches,  containing 

Silver  scraps . 

Fineness  samples . 

Produced  silver  bricks  shipped  .... 

Silver  scrap  ....... 

Contained  in  398  cupelle  skimmings  . 

Litharge,  39,  148,  at  38 . 

Test  bottom,  826  lb.,  at  218 

Cupelle  loss  ....... 

43,013.47 

354.35 

261.28 

743.72 

90.03 

95.89 

43,208.76 

1,315.18 

34.80 

44,558.74 

44,558.74 

The  following  Table,  taken  by  myself,  from  the  books  of  the 
company,  gives  a  summary  of  the  work  for  April  and  May, 
1880: 
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Zinc  DesilveHzation. 


Metallic  dross  from  refining  furnace,  in  per  cent 

of  gross  charge . 

0.85  of  lead  and  skimmings 
1st  net  weight  in  desilverizing  kettles  1000 
1st  crass  from  ,,  »» 

2nd  net  weight  ,,  9G.34. 

1st  average  assay  of  kettles 
2nd  ,,  „  •  •  • 

1st  crasses  in  per  cent,  of  1st  net  metal  m 
desilverizing  kettles  .... 
Retort  in  per  cent,  of  2nd  desilverizing  kettles 
Zinc  used  in  per  cent,  gross  charge 

, ,  1st  net  weight  in  desilverizing  kettles 

,,  per  cent,  of  merchant’s  lead  . 

Coal  used  per  ton  of  gross  charge 

„  merchant  lead  . 


Lead  in  merchant  lead 
,,  retort  crasses. 

,,  refining  skimmings. 


Apparent  gain,  0.53  per  cent. 

The  losses  and  gains  are  apparent  only. 

a  Charge  for  the  retorts  calculated  on  this,  b  Average  assay,  c  Percentage 
of  96.34.  d  Percentage  of  88.50.  e  Percentage  of  96.34. 


April. 

May. 

.078 

2.88 

2.47 

96.34 

97.53 

7.84 

7.55 

a  88.50 

89.98 

144.67 

172.73 

5132.64 

160.92 

c  8.58 

8.04 

d  7.54 

8.32 

1.37 

1.59 

e  1.43 

1.63 

1.72 

1.98 

192.16 

208.00 

238.00 

262.00 

90.47 

88.99 

6.78 

7.47 

3.28 

3.48 

100.53 
Loss  1.06 
snt  only. 

99.94 
'  per  cent. 

The  lead  made  by  the  Germania,  Pennsylvania  Company,  and 
St.  Louis  Works  is  exceedingly  fine.  As  it  can  be  used  for  the 
manufacture  of  white  lead,  it  commands  the  highest  market 
price. 

The  following  analyses,  made  by  Dr.  O.  Wurth  and  Dr. 
Zuireck,  on  a  sample  from  the  works  of  the  Pennsylvania  Lead 
Company,  show  that  the  lead  is  equal  if  not  superior  to  any  of 
the  brands  produced  abroad. 


In  100  Parts. 

Dr. 

O.  Wurth. 

Dr.  Zuireck, 
Berlin. 

Dr. 

O.  Wurth. 

Dr.  Zuireck, 
Berlin. 

Silver 

Antimony 

Copper  . 

Zinc 

Iron 

Sulphur  . 

Arsenic  . 

Bismuth  . 

0.00042 

0.00051 

0.00007 

0.00038 

trace 

0.00018 

none 

0.00035 

0.00254 

0.00094 

0.00070 

0.00082 

0.03843 

0.00016 

0.00318 

0.00005 

0.00122 

0.00013 

0.00023 

trace 

0.02746 

0.00070 

0.00346 

0.00093 

0.00075 

0.00082 

0.04594 

Gold  and  Silver  Separation . 
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CHAPTER  III 

SEPARATION  OF  GOLD  AND  SILVER  FROM  COPPER. 

THE  BOSTON  AND  COLORADO  SMELTING  WORKS. 

The  Boston  and  Colorado  Smelting  Works  were  formerly 
situated  in  the  town  of  Black  Hawk,  Gilpin  Co.,  Colorado,  on  the 
Clear  Creek  Narrow  Gauge  Railway,  55  miles  from  Denver,  in 
the  Rocky  Mountains,  at  an  altitude  of  7800  ft.  It  was  one  of  the 
first  works  erected  for  the  metallurgical  treatment  of  gold  ores 
and  the  only  one  established  in  Colorado  on  a  large  scale  which 
has  been  uniformly  successful.  The  works  were  planned  and 
built  by  Professor  Hill,  formerly  professor  of  chemistry  in  Brown 
Lniversity,  Providence,  R.I.,  and  is  still  managed  by  him,  assisted 
by  Mr.  Richard  Pearce,  formerly  professor  in  the  School  of  Mines 
at  Truro,  England.  The  works  are  veiy  advantageously  situated 
with  regard  to  the  ore-producing  regions,  having  Boulder  Co.  on 
the  north,  which  produces,  besides  ordinary  gold  ores,  a  series  of 
tellurium  minerals,  such  as  altaite,  sylvanite,  and  hessite,  which 
are  very  rich  in  gold  and  silver.  They  are  associated  with  copper 
and  iron  pyrites,  blende,  galena,  and  the  oxides  and  carbonate  of 
iron. 

Gilpin  Co.  itself  produces  for  the  most  part  pyrites,  both  of  iron 
and  copper  rich  in  gold,  with  a  small  quantity  of  galena  and  blende 
which  is  rich  in  silver.  In  some  mines  native  gold  is  found. 
Clear  Creek  Co.  to  the  south  furnishes  mostly  galena  and  blende 
very  rich  in  silver.  The  works  also  receive  mattes  rich  in  gold  and 
silver  made  at  Alma  in  Park  Co.,  and  tellurium  ores  rich  in  gold 
from  the  southern  part  of  the  territory. 

The  works  are  thus  located  in  the  very  centre  of  the  gold  and 
silver-producing  regions  at  Colorado,  and  are  also  most  favourably 
situated  with  regard  to  transportations.  They  treated  in  1874 
30  tons  of  ore  and  tailings  in  twenty-four  hours,  and  produced 


118 


Gold  and  Silver  Separation. 


700,000  oz.  silver,  12,000  oz.  to  15,000  oz.  gold,  and  225  tons 
copper.  With  matte  from  Alma  their  production  in  1875  was 
110,000  oz.  of  silver,  25,000  oz.  of  gold,  and  250  tons  of  copper. 
In  the  year  1880  they  produced  $568,000  of  gold,  $2,216,000  of 
silver,  $297,000  of  copper,  or  a  total  production  of  $3,081,000. 

Both  gold  and  silver  ores  are  treated,  and  gold,  silver,  and 
copper  produced.  The  lead  is  not  separated  from  the  ores  nor 
paid  for  if  it  exists,  and  is  entirely  lost  in  the  residues.  In  the 
year  1878,  the  works  removed  to  Argo,  near  Denver,  where  they 
are  even  more  favourably  situated  than  previously. 


Gold  Ores. 


The  gold  ores  are  divided  into  three  classes.  The  first  class 
consists  of  auriferous  copper  pyrites  containing  from  2  to  10  per 
cent,  copper,  2  oz.  to  10  oz.  of  gold,  and  2  oz.  to  10  oz.  of  silver. 
These  ores  average  4  per  cent,  copper,  3£  oz.  gold,  and  6  oz.  silver. 
The  second  class  are  tailings  from  the  gold  mills,  consisting  of 
pyrites  with  about  H  per  cent,  copper,  1J  oz.  gold,  and  4  oz. 
silver.  The  third  class  consists  of  tellurium  ores  which  have  a 
very  silicious  gangue,  and  contain  100  oz.  to  200  oz.  of  gold,  and 
6  oz.  to  10  oz.  of  silver.  These  ores  come  mostly  from  Boulder  Co., 
and  are  often  worth  $10,000  to  $15,000  to  the  ton. 


Silver  Ores. 


The  silver  ores  of  the  first  class  consist  of  surface  ores,  mostly 
free  from  sulphur,  containing  70  per  cent,  silica.  They  contain 
100  oz.  silver  and  5  to  6  per  cent,  lead,  and  no  gold.  The  second 
class  are  sulphurets  rich  in  blende  and  poor  in  galena  and  pyrites ; 

ey  contain  loO  oz.  of  silver,  15  per  cent,  of  zinc  and  lead,  and 
no  gold. 

The  cost  of  material  at  the  works  is  : 


Wood  per  cord 


$ 


Firebrick  per  thousand 
Common  brick 
Iron  castings  per  pound 
Wrought  iron 


5.00 

90.00 

14.00 

.08 

.08 


in  New  York  is  1J  per  cent, 
ation  of  the  works.  The  rate 
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Sampling  the  Ores. 
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for  gold  is  *  Per  cent.  The  general  plan  of  these  works  is  given 
in  Fig.  26.  The  diagram  on  the  next  page  indicates  the  various 
processes,  showing  what  becomes  of  each  of  the  products  in  the 
different  stages.  Tho  treatment  is  composed  of  eight  distinct 
operations,  most  of  which  are  more  or  less  subdivided.  These 


operations  are : 

1.  Sampling  the  oro. 

2.  Roasting  the  oro. 

A.  Large  ore  roasted  in  heaps. 

B.  Small  ore  roasted  in  a  reverberatory  furnace. 

3.  Fusion  for  matte. 

4.  Ziervogel’s  process. 

A.  Crushing  and  roasting  the  matte  for  sulphate  of  silver. 

B.  Precipitation  of  the  silver. 

C.  Washing  and  fusing  the  cement  silver. 

D.  Precipitating  the  copper. 

E.  Refining  cement  copper. 

5.  Treatment  of  the  Ziervogel  tub  residues. 

A.  Fusion  for  white  metal. 

B.  Roasting  white  metal. 

C.  Treatment  of  the  pimple  metal. 

6.  Treatment  of  the  residues  of  the  Ziorvogel  process  by  the  Augustine 

process. 

7.  Treatment  of  the  bottoms. 

8.  Treatment  of  the  copper  alloy. 


I.  Sampling  the  Ore. 


The  ore  is  purchased  in  large  and  small  sample  lots  varying 
from  50  lb.  to  G  tons  or  7  tons.  It  is  sampled  by  first  taking  one- 
tenth  of  the  lot,  and  putting  it  through  a  Dodge  crusher  and  a 
pair  of  Cornish  rolls,  and  then  sampled  as  usual. 

The  following  prices  are  paid  by  the  Boston  and  Colorado 
Smelting  Company,  for  ore  delivered  in  car-loads  at  their  works 
at  Argo,  Colorado,  in  the  year  1885. 

Gold  and  Silver  Ores  carrying  no  Copper,  loss  than  10  per  cent,  of  Lead  or 
Zinc,  and  less  than  5  per  cent,  of  Arsenic. 


Percentage 
of  Assay  Value  of 
Gold  and  Silver. 


Less  per 


Less  than  8100  per  ton  of  2000  lb. 
From  8100  to  8200  ,, 


„  8200  to  8300  „ 

Over  8300  „ 


Ores  carrying  copper 


Ore  Assaying 


90 

92 

94 

95 
90 


Ton. 

8 

15 

15 

15 

15 

15 


Au  Ore  3^ 


fciiinum  Or*: 
ricftmAti  SAg 


i  .Surface" 

$‘lrcr  Ore. 
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Auvrel* 


^ch/prws'Sfiio  JS'Jeer  Ore* 
G>tp» nCs  “ 


*u  Ore 
hntts 

*feH 


Heap 

Roasting 


L-^3 


furnace 

Roasting 


w 


o%*!& 

t 

* 

ftate  S/a| 

i  ~ 

1 

floor  SJaij 

Crushed  CaiciQ* 

skkgh 

r  Zitrnatk 

« - 

f* 

49  0  50* 

^Residues 


.  Smelted  with 
Pyrites  nett  m  / 


furnace' 

i 

fc-J 

ifateS/a^ 

T 

I  i 

fborSfag  - 

r— - ■ 

Roasted  in  Reir. 
with  Na  Cl 

Lixivioted  with 
Ha  a 

A?  rttaurtw*  »>&t  dilute 
^  SO*  me  '  - 


»m*t*diSold 


Residues  sold  to  (M 

Copper  .v 
»rto  </>g« 


Cu  a 

precipitated  wid 
iron 


i 

|^di/>/»oC/ 

i  I 

precipitated 
eith  Copper 

Precipitated 
with  Iron 

* 9 

melted  &  Sold 


Cement  Cu  1 

melted  &  reflntd 

Ft  OS  Os  - 

-Fed 


Cement  Cu 
melted  irefined 


Rich  Slag 

Cu  made  into  plates 
for pneapitabon  as 
they  contain  Aq 

Wotfe  mto  oi'aees  fi?r 

precipitous*  as 
they  contain  Aq 
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Charges  for  Sampling. 

Ores  containing  less  than  10  per  cent,  of  Lead  or  Zinc  and  less  than  5  per 
cent,  of  Arsenic  containing  Gold  and  Silver. 

Over  $8.00  a  ton  in  gold  and  silver  for  $ 

one  per  cent,  of  copper . 1.00  per  unit  of  copper. 

From  $5.00  to  $8.00...  . 00 

Below  $5.00  . 80  ,, 

No  charge  is  made  for  crushing,  sampling,  and  assaying  the  ore 
if  in  car-loads  ;  if  there  is  less  than  a  car-load  a  small  charge  is 
made  for  handling.  They  purchase  no  ores  with  over  10  per 
cent,  of  lead.  Ore  assa}ring  less  than  this  is  purchased  according 
to  the  scale  given  above,  no  allowance  being  made  for  the  lead. 
Special  prices  are  given  for  gold  or  silver  ore  carrying  iron  or 
copper  pyrites,  and  less  than  10  per  cent,  gangue  and  also  for 
matte  and  other  furnace  products.  Deductions  are  made  from 
the  scale  of  ore  having  a  large  percentage  of  zinc  for  arsenic. 

When  the  ores  are  sent  by  the  owner  for  treatment  the  charge 
formerly  was : 


$ 

$ 

For  orea  containing  50 

35 

,,  ,,  oo 

30 

„  »»  70 

37 

„  „  so 

38 

„  „  100 

40 

„  „  200 

50 

„  „  300 

GO 

and  so  on. 

The  arrangement  of  July,  1874,  was  that  the  company  should 
pay  for  gold  ores  at  the  rate  of  85  per  cent,  of  the  total  value 
of  the  gold  and  silver  contained,  the  premium  being  added 
after  deducting  $35  per  ton  currency  for  treatment.  The  gold 
was  estimated  at  $20  gold  per  ounce,  and  the  silver  at  $1.25  cents 
gold  per  ounce,  with  the  premium  added  3  per  cent,  below 
New  York  quotations. 

The  arrangement  for  silver  at  the  same  time  is  given  in  the 
Table  annexed.  The  prices  are  based  on  the  premium  on  gold  in 
New  York  ranging  between  $1  10  cents  and  $115  cents. 


122 


Gold  and  Silver  Separation. 


\i 

M 

ii 

— 

r  oros  ooiitniiiintf 

40 

34 

For  ores  oonUiui 

,,  ,, 

50 

44 

i.  . . 

•  , 

00 

1  52 

•  • 

70 

00 

ii  it 

80 

00 

M  It 

IK) 

70 

i»  M 

M  n 

100 

74 

II  91 

•  t  M 

125 

H2 

It  II 

150 

HO 

M  M 

II  It 

175 

08 

•  9  II 

1 1  II 

2(H) 

07 

If  M 

II  II 

250 

00 

I 


300 

:m 

4(H) 

m 

5(H) 

<m 

7(H) 

H(H) 

1HH) 

HKH) 

2<HH) 


100 

105 

100 

107 

I  OH 
100 
110 
111 
112 
1 10 


Tho  coppor  is  paid  for  ut  #1  50  contH  curroncy  for  each  unit  by 
tho  dry  Cornish  assay. 

Tho  precious  metals  in  tho  ores  wore  formorly  novor  paid  for 
above  a  certain  minimum,  which  for  silver  was  40  or.,  and  for 


gold  1}  <>z.  All  above  thin  minimum  wm  paid  for  in  curroncy 
at  tho  rate  of  N5  per  cent.  of  its  bullion  valuo.  For  all  copper 
abovo  two  por  cunt.  #1  50  contn  curroncy  was  given  for  each 
unit.  All  tho  ores  rocolvod  aro  pilod  separately  on  tho  sampling 
ground. 


All  tho  largo  pieces  of  gold  oro  aro  roosted  in  heaps,  and  aro 
thro  panned  through  a  crusher  and  rolls,  ami  afterwards  through 
a  screen  with  four-to-tho  Inch  mesh.  Tho  tollurium  ores  aro  only 
crush od  and  passed  through  a  ton -to -the  inch  mesh  screen,  and 
tro  thon  r"»&Y  for  smelting.  Tho  surface  sliver  ores  arc  orushod, 
and  passed  through  a  four-to-thcinch  mesh  soroon,  and  then  go 
to  tho  furnace.  Tho  oros  rich  in  sulphur  aro  called  heavy  oron 
and  aro  crushed  and  calcined  in  a  largo  rover! oratory  furnace. 


H.  Roasting  tiik  Oukh. 

A*  <J  Otw  in  The  auriferous  pyrites  are 

broken  to  2  in.  square  in  a  crusher  and  routed  in  heaps  of  about 
lens  each.  I  he  piles  are  made  in  the  usual  way  with  a 
wooden  chimney  about  7  ft.  high  in  tho  centre,  Wood  is  used 
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as  fuel.  The  amount  consumed  is  two  cords  for  50  toms.  The 
wood  is  burned  out  in  about  twelve  hours,  at  which  time  the 
sulphur  commences  to  burn.  The  pile  is  lighted  at  night,  because 
the  moisture  in  the  fuel  makes  sulphuretted  hydrogen,  which 
would  annoy  the  men  in  the  daytime.  The  fire,  except  in  case  of 
accident,  bums  until  the  roasting  is  complete.  The  sampler  takes 
charge  of  the  piles.  He  has  little  to  do  except  to  throw  fine  ore 
on  the  cover  when  he  sees  that  there  is  too  much  flame.  He  has 
two  or  three  assistants,  and  with  them  he  does  all  the  weighing 
and  sampling,  and  takes  care  of  the  piles.  When  the  pile  is 
finished  the  outside  crust  of  unbum ed  pyrites  is  taken  off  and 
put  on  to  the  next  pile.  The  roasted  ore  is  crushed  and  goes 
through  a  sieve  with  four-to-the-inch  mesh,  and  is  then  ready  for 
the  smelter.  One  man  does  the  whole  crushing.  The  roasting 
is  finished  in  about  six  weeks  from  the  time  the  fire  is  lit.  The 
amount  of  sulphur  remaining  in  the  ore  is  4  per  cent.  As 
the  ore  contains  considerable  arsenic  the  pile  is  frequently  covered 
on  the  outside  with  crystals  of  arsenious  acid,  which  are  often 
white  but  generally  coloured  with  a  slight  trace  of  sulphur 
or  sulphide  of  arsenic.  They  are  generally  found  when  there  has 
been  a  hole  in  the  cover  of  the  pile,  and  their  usual  form  is  that 
of  an  octahedron  with  hollow  faces. 

B.  Roasting  the  Ore  in  a  Reverberatoi'y  Fui'naee. — The  ore 
submitted  to  this  process  is  said  to  be  calcined.*  The  tailings 
and  finely  divided  copper  ores  are  roasted  in  a  reverberatory 
furnace  called  a  calciner  till  they  contain  not  more  than  one-half 
to  4  per  cent  of  sulphur.  There  are  six  of  these  calciners  in  the 
works.  They  are  marked  K  on  the  ground  plan,  Fig.  2G,  and  are 
shown  in  detail  at  Figs.  27,  27a,  and  27 b.  Only  three  of  them  are 
in  use  at  a  time,  two  of  these  work  into  the  same  flue.  Each 
furnace  has  three  step-hearths  10  ft.  long.  The  total  length  of 
the  furnace  is  40  ft.  on  the  outside,  including  the  fireplace.  They  ai  e 
11  ft.  wide,  and  have  six  working  doors,  two  doors  to  each  hearth. 

*  The  word  “  calcining  ”  as  used  in  these  works  means  treating  the  ores  or 
mattes  in  a  fine  state  in  an  oxidizing  atmosphere.  The  term  roasting 
means  the  treatment  of  metal  ingots  or  mattes  in  large  pieces  in  an  oxi  izin., 
atmosphere.  As  these  words  are  not  a  proper  use  of  metallurgical  terms  we 
shall  speak  of  both  as  roasting. 
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“  f?el*  7he  ,ain0Unt  C0“ed  »  two  cords  for  50  tons  The 
wood  is  burned  out  in  about  twelve  hours,  at  which  time  the 
sulphur  commences  to  burn.  The  pile  is  lighted  at  night,  because 
the  moisture  m  the  fuel  makes  sulphuretted  hydrogen,  which 
would  annoy  the  men  in  the  daytime.  The  fire,  except  in  case  of 
accident  burns  until  the  roasting  is  complete.  The  sampler  takes 
charge  of  the  piles.  He  ha*  little  to  do  except  to  throw  fine  ore 
on  the  cover  when  he  sees  that  there  is  too  much  flame.  He  has 
two  or  three  assistants,  and  with  them  he  does  all  the  weighing 
and  sampling,  and  takes  care  of  the  piles.  When  the  pfle  is 
finished  the  outside  crust  of  unburned  pyrites  is  taken  off  and 
put  on  to  the  next  pile.  The  roasted  ore  is  crushed  and  goes 
through  a  sieve  with  four-to-the-inch  mesh,  and  is  then  ready  for 
the  smelter.  One  man  does  the  whole  crushing.  The  roasting 
is  finished  in  about  six  weeks  from  the  time  the  fire  is  lit.  The 
amount  of  sulphur  remaining  in  the  ore  is  4  per  cent.  As 
the  ore  contains  considerable  arsenic  the  pile  is  frequently  covered 
on  the  outside  with  crystals  of  arsenious  acid,  which  are  often 
white  but  generally  coloured  with  a  slight  trace  of  sulphur 
or  sulphide  of  arsenic.  They  are  generally  found  when  there  has 
been  a  hole  in  the  cover  of  the  pile,  and  their  usual  form  is  that 
of  an  octahedron  with  hollow  faces. 

B.  Roasting  the  Ore  in  a  Reverberatoixy  Furnace. — The  ore 
submitted  to  this  process  is  said  to  be  calcined.*  The  tailings 
and  finely  divided  copper  ores  are  roasted  in  a  reverberatory 
furnace  called  a  calciner  till  they  contain  not  more  than  one-half 
to  4  per  cent  of  sulphur.  There  are  six  of  these  calciners  in  the 
works.  They  are  marked  K  on  the  ground  plan,  Fig.  26,  and  are 
shown  in  detail  at  Figs.  27,  27a,  and  27 b.  Only  three  of  them  are 
in  use  at  a  time,  two  of  these  work  into  the  same  flue.  Each 
furnace  has  three  step-hearths  10  ft.  long.  The  total  length  of 
the  furnace  is  40  ft.  on  the  outside,  including  the  fireplace.  They  are 
11  ft.  wide,  and  have  six  working  doors,  two  doors  to  each  hearth. 


*  The  word  “  calcining  ”  as  used  in  these  works  means  treating  the  ores  or 
mattes  in  a  fine  state  in  an  oxidizing  atmosphere.  The  term  ‘ 4  roasting 
means  the  treatment  of  metal  ingots  or  mattes  in  large  pieces  in  an  oxidizing 
atmosphere.  As  these  words  are  not  a  proper  use  of  metallurgical  terms  we 
shall  speak  of  both  as  roasting. 
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Reverberatory  Roasting  Furnace. 


The  hearths  are  4 h  in.,  the  one  above  the  other,  and  arc  equally 
divided  in  the  length  of  the  furnace.  Each  one  is  rectangular, 
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with  the  usual  waste  space  at  the  doors,  filled  up.  The  two  at 
the  end  ha\e  theix  corners  rounded.  On  comparing  the  relative 
dimensions  of  these  furnaces,  it  will  be  seen  that  the  surface 
>  t  ie  ear ths  is  d04  square  feet.  The  surface  of  the  grate  is 
10  square  feet.  If  the  fireplace  is  taken  as  unity,  the  rela¬ 
tion  between  the  surfaces  will  be  as  1  ;  19.  The  fireplace  is 


To  fact  page  12ft  Elevation/  at  O .  H 
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Fusion  for  Matte. 

arranged  for  long  sticks  of  wood,  and  lias  a  door  at  the  side.  It 
is  5  ft.  long  and  2  ft.  8  in.  wide.  The  bridge  has  an  air-hole  in 
it  which  is  4J  in.  square,  and  communicates  with  the  interior 
of  the  hearth  by  four  openings.  The  width  of  the  bridge  is 
28  in.,  the  height  of  the  roof  above  the  hearth  is  28  in.,  and  at 
the  flue  end  it  is  18  in. 

The  furnace  is  built  of  red  brick,  firebrick  being  used  only  in 
the  fireplace  and  on  the  first  hearth.  A  charge  of  one  ton  is 
introduced  on  the  hearth  nearest  the  flue,  so  that  there  are  three 
tons  in  the  furnace  at  a  time.  The  charge  of  ore  on  each  hearth, 
spread  out  after  being  first  put  in,  is  3  in.  deep,  but  it  swells,  so 
as  to  be  4  in.  to  5  in.  deep,  on  the  hearth  nearest  the  fireplace ; 
this  is  particularly  true  of  the  tailings.  As  the  charge  is  drawn 
once  in  eight  hours,  it  takes  twenty-four  hours  to  complete  the 
roasting  of  one  ton  of  ore.  One  man  to  a  shift  who  brings  his 
own  wood,  is  all  the  labour  that  is  required,  so  that  two  men 
work  three  tons  in  twenty-four  hours.  The  ore  is  brought  to  the 
furnace  men,  who  then  make  the  charge.  One  man  brings  all  the 
ore  for  three  furnaces.  The  men  from  the  calciners  always  assist 
in  charging  the  calcined  ores  into  the  matte  furnaces.  The 
furnace  burns  1  \  cords  in  twenty-four  hours.  One  day  in  a  year 
is  all  the  repairs  that  are  needed  to  the  furnace. 

III.  Fusion  for  Matte. 

The  roasted  ore  is  fused  in  a  reverberatory  furnace  for  matte. 
There  are  three  of  these  furnaces  which  are  marked  D  in  the  ground 
plan,  and  are  given  in  detail  in  Figs.  28,  29,  30,  and  31.  Only  two 
of  them  are  in  use  at  a  time.  They  are  constructed  to  use  wood,  so 
that  the  fireplace,  which  is  5  ft.  at  the  top  of  the  bridge,  is  only 
2  ft.  6  in.  at  the  grate  ;  it  is  5  ft.  long,  and  4  ft.  6  in.  deep  from 
the  grate  to  the  roof.  The  opening  in  the  fireplace  for  charging 
fuel  is  at  the  end  of  the  furnace,  and  not  at  the  side  as  it  usually 
is.  The  fireplace  door  is  of  cast  iron;  it  slides  in  a  groove,  and 
is  counterpoised  with  a  weight.  The  bridge  is  2  ft.  G  in.  wide, 
the  fireplace  side  is  2  ft.  3  in.,  and  the  laboratory  side  1  ft.  10  in. 
from  the  roof.  Just  above  the  bridge  there  are  a  series  of 
openings,  3  in.  by  1  in.,  for  the  admission  of  air  in  the  roof,  which 
follow  on  the  roof  the  contour  of  the  laboratory  in  two  rows,  the 
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outside  having  eight  and  the  interior  eleven  holes  each.  The 
laboratory  is  15  ft.  7}  in.  long  by  9  ft.  9  in.  wide.  The  working 
door  is  at  the  end ;  the  two  openings  at  the  side  are  closed  for 
this  operation.  In  comparing  the  relative  dimensions  of  the 
furnace  we  find  that  the  surface  of  the  fireplace  at  the  height  of 
the  bridge  is  25  square  feet,  that  at  the  grate  is  12$  square  feet 
The  laboratory  has  143.18  square  feet,  so  that  the  fireplace  being 
taken  as  one,  the  relation  is  as  1  :  5.7.*  Each  one  of  these 
furnaces  has  its  own  chimney,  which  is  50  ft.  high.  The 
arrangement  of  the  holes  in  the  roof  is  a  very  ingenious  one,  for 
as  the  fireplace  is  very  deep,  and  is  constantly  filled  with  long 
sticks  of  wood  to  a  depth  of  over  3  ft.,  the  wood  distils  and  forms 
gas,  which  is  burned  by  the  air  entering  through  these  holes. 
Before  this  method  was  introduced  by  Profeasor  Pearce  there  was 
not  sufficient  air  to  produce  a  perfect  combustion.  The  immediate 
effect  of  its  introduction  was  the  saving  of  fuel,  and  more  equal 
distribution  of  heat.  Formerly  the  flue  connected  with  the 
chimney  was  constantly  burning  out,  and  needed  frequent  repairs. 

An  opening  has  recently  been  made  in  the  foot  of  the  chimney 
for  the  introduction  of  cold  air,  both  because  the  combustion  is 
better  regulated,  and  because  the  cold  air  is  mixed  with  the 
products  of  combustion  on  leaving  the  furnace ;  the  repairs  to 
the  furnace  are  very  much  diminished.  The  hearth  of  the  furnace* 
is  slightly  inclined  towards  the  working  door,  and  also  to  one 
side.  It  is  made  of  two  layers  of  brick,  upon  which  fine  quartz 
sand  is  placed,  which  is  mixed  with  a  small  quantity  of  wood 
ashes,  and  then  agglomerated. 

When  the  hearth  is  made  the  temperature  is  lowered,  and  the 
charge  is  introduced.  The  charge  is  made  up  of  crushed  heap 
roasted  gold  ores. 


Uoastod  tailings  . . . 

Oxidized  silver  oros 
Roasted  silver  ores... 

Haw  pyrites . 

Fluor  si»nr. . . 

Rich  scoriae 


lb. 

2,00 

1500 

1500 

:i00 

:i50 

500 


In  all  of  tl,o.o  fireplace,  with  inclined  aide,  the  .urfaco  Ukon  a.  unity  U 
the  .action  at  the  bridge.  A.  the  grato  .urtaca  i.  .mailer  the  relation 
botwoon  the  grate  and  fireplace  .urf.ee.  .liould  al.o  be  con.idorod. 
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After  the  charge  is  drawn  the  furnace  is  repaired,  if  necessary 
with  clay,  which  is  beaten  in  with  a  ladle-shaped  instrument 
attached  to  a  long  handle.  Such  repairs  are  usually  not  made 
oftener  than  twice  a  week.  The  charge  is  introduced  with  a 
shovel  by  a  side  door.  The  ore  is  introduced  first  and  then  the 
rich  slags.  The  charge  is  so  arranged  that  ten  tons  of  mixed  ores 
will  produce  one  ton  of  matte.  It  will  not  do  to  make  the  matte 
richer,  as  there  are  always  grains  of  it  in  the  slag,  and  the  loss 
would  be  greater.  The  slag  is  carefully  calculated,  so  that  it 
shall  not  be  too  basic,  or  otherwise  it  would  cut  the  firebrick  to 
get  silica  The  charge  is  evenly  distributed  over  the  surfaces  of 
the  hearth,  which  is  almost  at  a  cherry  red  heat  It  takes  six 
men,  working  in  groups  of  three  at  a  time,  nearly  a  quarter  of  an 
hour  to  make  the  charge.  As  soon  as  it  is  made,  the  charging 
door  is  built  up  and  luted  or  closed  with  sand.  The  fireplace  is 
then  charged,  and  the  furnace  is  left  with  the  full  power  of  the 
draught  for  five  or  six  hours.  During  this  time  the  workmen 
clean  up  the  slag  bed  and  tend  to  the  fire,  which  requires  looking 
after  every’  twenty  minutes.  At  the  end  of  this  time  they  stir 
the  furnace  carefully  five  or  six  minutes  to  bring  up  everything 
from  the  bottom,  which  should  be  perfectly  smooth  to  the  tool 
passing  over  it.  This  produces  the  reactions.  The  furnace  is 
now  left  in  repose  for  twenty  minutes  to  effect  the  separation  of 
the  scoria  and  tho  matte.  If  lumps  are  found  the  stirring  is  done 
again,  and  kept  up  during  the  firing,  or  for  about  an  hour.  The 
slag  is  now  drawn  w’ith  a  rabble  into  moulds  prepared  for  it 
The  operation  of  skimming  the  slag  takes  about  tw’enty  minutes. 
When  the  door  is  open  to  skim  the  slag  the  latter  is  quite  hot 
and  fluid,  and  there  is  a  constant  but  quiet  ebullition  of  sulphurous 
and  sulphuric  acid,  the  bubbles  being  about  1  in.  in  diameter,  and 
quite  uniformly  distributed.  Professor  Pearce  asserts  that  the 
larger  part  of  tho  gas  is  sulphuric  acid.  At  the  close  of  the 
skimming,  as  tho  slag  becomes  cooler,  the  bubbles  become  larger 
and  leas  uniform.  Just  before  the  skimming,  pieces  of  sheet 
iron,  3  ft.  by  2  ft.,  are  placed  in  front  of  the  slag  bed  and  to  one 
side  of  it,  to  protect  the  workmen  from  the  heat.  The  casting 
hed  is  made  10  in.  deep  in  front  of  the  furnace  to  receive  the 
plate  slag,  which  ordinarily  contains  all  the  grains  of  matte. 
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This  casting  bed  has  fourteen  divisions,  which  are  connected  one 
with  the  other.  When  the  slag,  which  covers  the  matte  to  the 
depth  of  about  3  in.,  is  being  skimmed,  it  is  very  easy  to  dis¬ 
tinguish  the  matte  below,  which  shows  of  a  dark  colour  and  a 
more  or  less  brilliant  surface.  As  the  rabble  goes  backward  and 
forward,  the  slag  does  not  close  at  once  over  it,  and  the  surface 
is  exposed  for  a  very  short  time.  When  all  the  slag  is  drawn  off, 
a  new  charge  of  ore  is  introduced.  Four  charges  are  made  in 
twenty-four  hours.  During  each  one  of  the  operations  the 
stirring  and  rabbling  are  conducted  in  exactly  the  same  way. 
While  the  slag  is  tapped  the  matte  is  left  to  accumulate,  and  is 
tapped  only  once  in  twenty-four  hours.  When  the  matte  is  to 
be  tapped,  all  the  doors  of  the  furnace  are  opened  so  as  to  chill 
the  last  part  of  the  slag  a  little,  so  that  it  will  not  flow  out  from 
the  tap-hole.  It  is  then  tapped  and  made  into  plates  3  ft.  long, 
14  in.  wide,  and  4  in.  thick  in  the  middle,  the  bottom  being 
rounded.  No  slag  flows  out  with  it  because  it  is  too  much 
chilled.  When  all  the  matte  has  been  tapped,  the  tap-hole  is 
closed  with  damp  sand.  The  charge  makes  about  fourteen  plates. 
The  operation  of  tapping  the  matte  and  stirring  takes  half  an 
hour.  Three  men  per  shift  of  twelve  hours  are  required  to  work 
two  furnaces.  Eight  cords  of  wood  are  consumed  in  twenty-four 
hours.  The  plate  slag  contains  on  an  average  5  per  cent  of 
copper,  but  is  often  poor  enough  to  be  thrown  away  with  the 
other  slags.  It  is  generally  a  silicate  of  protoxide  of  iron,  but  is 
sometimes  more  basic.  The  poor  slag  contains  about  7  oz.  of 
silver  and  a  trace  of  gold.  It  is  too  poor  to  treat,  and  is  thrown 
away.  All  the  slag  richer  than  this  Is  put  back  into  the  furnace. 
The  matte  contains  from  25  to  30  per  cent,  of  copper,  20  oz.  to 
30  oz.  of  gold,  COO  oz.  to  1000  oz.  of  silver,  and  some  iron,  lead, 
zinc,  and  antimony.  When  the  hearth  bottom  of  the  matte 
furnace  becomes  loose  and  rises,  as  it  sometimes  does,  the  whole 
hearth  material  is  taken  out,  crushed,  and  treated  as  ore.  The 
flues  of  the  furnace  have  to  be  repaired  every  two  or  three 
months.  The  roof  is  made  over  once  a  year.  The  outside  walls 
last  a  number  of  years  before  it  is  necessary  to  rebuild  the 
furnace.  There  are  produced  from  this  fusion  the  copper  matte 
which  passes  to  the  next  operation,  the  plate  slag  which  is  put 
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immediatel}T  into  the  furnace,  and  the  poor  slag  which  is  thrown 
away. 


IY.  Zieuvogel’s  Process. 

A.  Crushing  and  Roasting  Matte  for  Sulphate  of  Silver. — The 
matte  produced  from  the  previous  operation  must  be  roasted, 
and  for  this  purpose  it  must  be  crushed  fine.  It  is  first 
broken  up  with  sledges  and  then  crushed  in  a  Dodge  crusher, 
with  which  one  man  can  crush  about  10  tons  in  a  day.  After 
crushing  it  is  put  through  a  twelve-to-the-inch  screen,  and  is 
then  wheeled  in  a  wooden  barrow  to  the  calciners  marked  K  on 
the  general  plan,  Fig.  26,  where  it  is  roasted  for  twenty-four  hours, 
a  charge  being  drawn  every  eight  hours.  The  charge  is  one  ton 
on  each  hearth,  so  that  there  are  three  tons  in  the  furnace  at  a 
time.  One  furnace  working  constantly  does  the  whole  work 
of  the  establishment;  90  per  cent,  of  the  sulphur  is  removed 
in  this  operation.  The  roasted  matte  contains  about  5  per  cent, 
sulphur,  partly  as  sulphides  and  partly  as  sulphates.  On  the 
hearth  where  the  matte  is  charged  the  furnace  is  dark.  This 
is  necessary  to  prevent  fusion,  as  there  must  be  rapid  oxidation 
at  the  lowest  possible  temperature.  When  the  workman  is  not 
attending  to  the  fire  he  is  always  rabbling  the  charge.  When  the 
charge  on  one  hearth  is  finished  it  is  moved  to  the  next  one 
by  a  spadelle.  On  the  middle  hearth  the  heat  is  very  dull,  and 
from  this  temperature  it  is  gradually  raised  until  it  is  with¬ 
drawn  from  the  furnace  ;  on  the  last  hearth  the  temperature  is  a 
bright  cherry-red  heat  The  charge  is  drawn  with  a  rabble  into 
a  “  cub"  beside  the  furnace.  As  there  is  but  a  small  amount  of 
sulphurous  acid  given  off,  the  roasted  matte  remains  here  until  it 
is  cool  enough  to  be  wheeled  in  wooden  barrows,  when  it  is  taken 
to  the  ball  pulveriser.  One  and  a  half  cords  of  wood  in  twenty- 
four  hours  is  all  the  fuel  used  in  this  operation. 

The  ball  pulveriser  consists  of  a  stationary  horizontal  Rheet- 
iron  cylinder  4  ft.  in  length  and  2  ft.  8  in.  in  diameter,  inside  of 
which  another  cylinder  of  less  diameter  revolves.  This  inside 
cylinder  is  made  with  a  cast-iron  head-piece,  into  which  cast-iron 
bars  are  fitted  so  as  to  leave  a  space  in-  between  them.  These 
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bars  are  kept  in  position  by  a  flange  and  wedges,  and  the  heads 
are  then  securely  bolted  together.  The  material  to  be  ground  is 
introduced  into  the  revolving  cylinder  through  a  trough  in  its 
axis.  This  cylinder  or  grinder  contains  one-half  ton  of  iron  balls, 
which  when  new  are  3  in.  in  diameter. 

The  cold  calcined  ore  from  the  cubs  is  thrown  on  to  the  crusher 
floor,  and  shovelled  into  bins,  from  which  it  is  carried  by  an  end¬ 
less  chain  to  a  hopper  which  communicates  with  the  charging 
trough.  The  charge  ami  balls  revolve  together  at  the  rate  of  thirty- 
seven  revolutions  per  minute.  The  ore,  which  is  ground  sufficiently 
fine,  passes  through  the  spaces  between  the  bars,  and  falls  into 
the  stationary  cylinder,  which  is  hopper-shaped  at  the  bottom, 
and  communicates  with  a  trough,  through  which  an  endless  chain 
passes  and  carries  the  ore  to  a  60-mesh  screen ;  what  remains  on 
this  screen  is  earned  back  again  to  the  grinder.  The  crusher  works 
between  three  and  four  tons  in  twenty-four  hours,  and  has  besides 
plenty  of  time  for  the  necessary  stoppages  for  repairs.  Six  tons 
might  easily  be  put  through  in  ten  hours,  but  from  three  tons  to 
four  tons  is  all  that  is  required,  so  that  a  single  crusher  Ls  more 
than  sufficient.  Very  little  repair  is  done  to  the  machinery.  The 
bars  wear,  and  when  the  openings  become  too  wide,  new  bars  are 
put  in.  Not  more  than  5001b.  of  balls  are  worn  out  in  the  course 
of  a  year.  The  men  who  do  this  work  are  obliged  to  wear  wet 
sponges  over  their  mouths  in  order  to  protect  themselves  from 
the  dust.  One  man,  who  also  carries  the  wood  to  the  calciners, 
brings  the  ore,  and  one  man  who  shovels  the  ore  and  tends  the 
grinder,  are  all  that  is  required  for  the  work. 

Roasting  for  Sulphate  of  Silver. — From  the  ball  grinder  screens, 
the  ground  matte  is  deposited  in  a  bin  ready  to  be  roasted  for 
sulphate  of  silver.  The  furnace  in  which  this  operation  is  con¬ 
ducted  is  called  the  fine  calciner.  There  are  two  of  them  marked 
B  B  in  the  general  plan,  Fig.  26,  and  shown  in  Figs.  32,  33, 
and  34. 

They  connect  with  four  small  dust  chambers  which  arc  common 
to  both  furnaces,  and  connect  with  the  same  chimney.  They  are 
constantly  in  use  except  when  silver  is  being  melted,  when  only 
one  of  them  is  run.  They  have  but  one  hearth,  which  is  11  ft. 

0  in.  long,  3  ft.  6  in.  deep,  and  10  ft.  6  in.  wide.  This  hearth  is 
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flat.  The  fireplace  is  4  ft.  6  in.  long,  2  ft.  6  in.  wide  at  the 
bridge.  The  grate  is  only  1  ft.  wide.  There  are  11.25  square 
feet  surface  in  the  fireplace,  and  100  square  feet  in  the  laboratory, 
making  the  relation  as  1  :  9.  The  top  of  the  bridge  is  8  in.  from 
the  roof.  The  bridge  is  2  ft.  wide,  but  14  in.  of  this  width  is  a 
curtain  arch,  the  bottom  of  which  is  16  in.  above  the  hearth.  Just 


Scale  for  Figs.  32,  33,  and  34. 
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be}  ond  the  curtain,  in  the  roof  of  the  furnace  there  are  a  series 
of  holes  for  the  admission  of  air,  of  the  same  size  as  in  the  matte 
furnace.  The  first  line  goes  straight  across  the  roof  and  is  com¬ 
posed  of  five  holes.  The  second  follows  the  contour  of  the  fur¬ 
nace.  and  is  composed  of  nine  holes.  The  hearth  of  this  furnace 
is  made  on  a  bed  of  old  slag  or  stone  covered  with  sand.  On 
these,  bricks  placed  on  end  and  laid  in  cement  are  placed, 
which  form  the  hearth  proper. 


The  charge  is  1600  lb.  of  roasted  crushed  matte,  which  is 
thrown  in  with  a  shovel,  and  made  into  a  pile  on  the  centre  of 
the  hearth.  Just  before  it  is  introduced  all  the  dampers  are 
cosed.  The  hearth  of  the  furnace  at  this  time  is  dark.  The 
fireplace  is,  however,  glowing,  but  contains  only  embers  just  suffi¬ 
cient  to  keep  it  hot.  As  soon  as  the  charge  is  introduced  it  is 
evelled  with  the  rabble  and  spread  out  over  the  hearth.  Wien 
spread  out  it  is  about  3  in.  thick.  It  takes  about  twenty  minutes 
to  do  this  work,  during  which  time  the  dampers  remain  closed 
and  no  fuel  is  put  into  the  fireplace.  As  soon  as  the  charge  is 
completed  the  damper  is  .slightly  raised  but  no  fuel  is  charged. 
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In  about  an  hour  the  charge  has  a  dull  blackish  glow.  The  sur¬ 
face  looks  black  but  it  is  red  when  stirred.  The  fireplace  is  now 
charged  with  a  small  amount  of  fuel,  and  the  temperature 
gradually  raised  so  as  to  keep  it  at  about  a  dull  red  heat,  but 
raising  it  slightly.  The  fireplace  door  is  closed.  The  supply 
of  air  comes  from  the  bridge  holes,  the  working  door,  and  the 
grate.  The  work  at  this  stage  consists  of  forming  a  maximum 
amount  of  sulphate  of  iron  and  some  sulphate  of  copper,  but  the 
silver  remains  unchanged.  The  fumes  of  sulphuric  acid  com¬ 
mence  to  be  given  off  from  the  decomposition  of  the  persulphate 
of  iron,  and  the  charge  increases  in  volume,  becoming  spongy. 
As  the  furnace  door  is  open  the  workman  is  exposed  to  the  acid 
fumes,  and  is  therefore  obliged  to  wear  a  respirator.  The  stirring 
is  kept  up  and  the  heat  gradually  increased.  From  the  second 
hour  the  grate  is  kept  full  until  the  end  of  the  operation,  the 
temperature  being  kept  as  uniform  as  possible.  The  ashpit  door 
is  closed  after  the  first  hour,  the  air  entering  only  through  the 
working  door  and  the  holes  in  the  bridge.  The  flame  over  the 
curtain  arch  is  curly,  blackish,  and  reducing,  but  as  there  is  more 
than  14  in.  between  it  and  the  charge  below,  and  the  working 
door  is  constantly  opened,  it  is  so  fully  mixed  with  air,  that  in 
contact  with  the  charge  it  is  oxidizing.  At  the  end  of  this  time 
the  heat  is  at  its  maximum,  and  the  charge  becomes  dry,  no 
longer  sticking  to  the  rabble. 

At  this  point,  which  is  at  the  end  of  three  hours,  the  sulphate 
of  silver  is  formed.  The  sulphate  of  iron  is  decomposed  at  the 
end  of  two  hours.  The  sulphate  of  copper,  at  the  time  all  the 
iron  is  decomposed,  is  at  its  maximum,  which  is  at  the  end  of 
the  third  hour.  When  the  silver  is  “out”  a  bar  2  in.  square  and 
14  ft  long  is  used  to  break  up  any  lumps.  The  charge  is  collected 
with  it  into  the  middle  hearth.  The  pile  Is  then,  by  a  sliding 
motion  of  the  bar  on  its  side,  cut  down,  bruised,  stamped,  and 
broken  up,  and  in  this  way  turned  over  twice  from  one  side  of 
the  furnace  to  the  other.  In  order  to  facilitate  this  work,  the 
front  of  the  working  door  is  provided  with  a  roller  on  which  the 
bar  rests.  The  whole  charge  by  this  means  is  ground  fine,  and 
all  the  lumps  broken  up,  and  a  perfect  oxidation  secured.  It 
is  essential  to  have  as  little  sulphate  of  copper  as  possible,  but 
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about  1J  per  cent  is  left  so  as  to  be  sure  that  no  sulphate  of 
silver  is  decomposed  This  operation  with  the  bar  lasts  one 
hour,  so  that  at  the  end  of  four  hours  the  charge  is  ready  to  be 
withdrawn.  At  the  end  of  the  third  hour  assays  commence  to 
be  made,  and  are  constantly  taken  until  the  end  of  the  operation. 
The  first  assay  generally  shows  that  the  sulphate  of  silver  is  free, 
but  it  is  reduced  almost  instantly  to  a  metallic  state  bv  the  sub¬ 
oxide  of  copper  present,  and  spangles  are  formed  which  scintillate 
and  sparkle,  forming  a  most  beautiful  reaction. 

To  make  the  assay,  a  sample  of  the  hot  charge  is  simply  thrown 
into  cold  water  in  a  small  dish,  so  that  its  temperature  is  raised 
to  above  boiling.  W  hatever  silver  is  in  the  state  of  sulphate  is 
dissolved  by  the  boiling  water.  If  there  is  any  suboxide  of 
copper  present,  the  spangle  reaction  takes  place.  At  the  end  of 
the  fourth  hour  the  exposure  of  the  surfaces  to  oxidation  from 
the  action  of  the  bar  has  converted  all  the  copper  from  suboxide 
into  protoxide,  and  no  spangles  are  seen  in  the  assay.  The  sul¬ 
phate  of  silver  consequently  remains  permanent.  If  any  sul¬ 
phide  of  silver  was  present  in  the  charge,  it  is  attacked  by  the 
sulphuric  acid  given  off  by  the  decomposing  sulphates,  and  con¬ 
verted  into  sulphate.  An  average  of  from  90  to  95  per  cent,  of 
silver  is  thus  rendered  soluble,  the  rest  being  in  a  condition  of 
arsenides  antimonides,  or  as  very  fine  particles  within  sulphate  of 
lead,  and  is  not  decomposed.  The  charges  are  constantly  assayed, 
and  the  workmen,  as  they  are  skilled  men,  feel  it  for  their  interest 
to  conduct  the  operation  properly.  It  would  not  be  safe  to  de¬ 
compose  the  whole  of  the  sulphate  of  copper,  since  there  would  be 
danger  that  some  of  the  sulphate  of  silver  would  be  decomposed 
and  pass  into  the  residues.  The  copper  gives  a  blue  colour  to  the 
-elution,  so  that  when  the  spangles  are  no  longer  produced,  and 
the  liquor  is  a  very  pale  blue  colour,  the  charge  is  drawn.  None 
of  this  work  is  done  at  night,  as  the  operation  is  exceedingly 
delicate,  and  requires  to  be  constantly  watched.  As  soon  as  the 
c  large  is  withdrawn,  the  furnace  is  cooled  by  opening  the  doors 
and  dampers  to  get  ready  for  another  charge.  Only  two  charges 
a  }  are  made  in  the  furnace.  It  takes  about  ten  minutes  to 
discharge  the  furnace.  The  charge  is  drawn  with  a  rabble  into 
an  iron  barrow,  and  is  wheeled  to  the  brick  cooling  floor  shown 
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at  B '  in  the  general  plan,  Fig.  35.  Each  furnace  is  tended  by 
one  man  only.  The  two  furnaces  bum  together  1  \  cords  of  wood 
in  twelve  hours ;  they  require  only  one  day’s  repair  in  a  year. 

Leaching  the  Sulphate  of  Silver. — The  charge  from  the  sulphate 
of  silver  furnace  is  allowed  to  remain  for  twelve  hours  on 
the  cooling  floor  and  is  then  leached  in  tubs.  These  tubs,  m,  are 
3  ft.  high,  3  ft.  in  diameter  at  the  top,  and  2  ft.  6  in.  at  the  bottom, 
Figs.  36  to  38.  They  are  provided  with  a  double  bottom  pierced 
with  holes  and  a  cloth  filter.  They  are  charged  with  1500  lb.  of 
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tilt  matte  which  has  been  roasted  for  sulphate  of  silver.  The 
The  tZ^  T  t  a  CUn'ent  °f  b0iHn"  water  kept  hot  by  steam. 

Ink  tin  t  ;TtaUtly  fuU  “d  ^charged  into  a  series  of 

at  first  it  "  r  l  v.  elgbt  °r  n’ne  llours  to  leach  the  charge; 
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passes  less  freely  through  it. 

The  residues  in  the  tubs  contain  all  the  gold  and  some  silver 


137 


Precipitating  the  Silver. 

which  has  not  been  separated.  They  are  taken  out  and  put  on 
one  side  to  be  treated  by  the  Augustine  process  to  separate  the 
silver,  and  the  residues  are  afterwards  treated  for  gold  *  All  the 
sulphate  of  copper  is  dissolved  out  in  the  first  stages  of  the  work. 
In  about  seven  or  eight  hours  assays  of  the  liquid  are  made  and 
the  hot  water  stopped,  when  salt  added  to  it  shows  no  trace  of 
silver.  The  time  required  varies  according  to  the  richness  of  the 
matte.  Between  600  lb.  and  700  lb.  are  leached  in  eight  hours ; 
generally  about  an  hour  is  required  for  every  hundred  ounces  of 
silver  contained  in  the  matte. 


B.  Precipitating  the  Silver. — The  hot  water  charged  with  the 
sulphates  of  silver  and  copper  from  the  solution  tubs  is  run  into 
a  series  of  vats  shown  in  Figs.  35,  36,  and  37,  and  on  the  general 
plan,  Fig.  26,  at  S. 

These  vats  are  12  ft.  long,  4  ft.  wide,  and  2  ft.  3  in.  deep.  Two 
of  these  vats,  one  in  front  of  the  other,  are  placed  before  each 
series  of  tubs.  Each  of  them  is  divided  into  ten  compartments, 
which  are  24  in.  by  20  in.  and  27  in.  deep.  The  liquid  is  dis¬ 
charged  from  the  tubs  into  number  one  and  communicates  with 
two  at  the  bottom.  The  partition  between  two  and  three  is  low 
at  the  top,  so  that  the  liquid  overflows  into  four,  and  four  com¬ 
municates  with  five  at  the  bottom,  and  so  on.  At  ten  the  over¬ 
flow  passes  into  the  tank  below  and  follows  the  same  circuitous 
course.  Each  compartment  in  the  tanks  is  filled  as  shown  in 
Fig.  38,  with  plates  of  copper  J  in.  thick  and  14  in.  by  19  in.  in 
size.  Twenty  of  these  plates,  each  having  a  precipitating  surface 
of  nearly  400  square  inches,  are  placed  in  each  compartment. 

In  the  bottom  of  the  tank  the  plates  are  placed  upright  and 

*  At  Mansfeldt  these  residues  are  re*roasted  if  they  contain  as  much  as 
0.023  per  cent,  of  silver. 
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are  slightly  inclined,  being  separated  from  each  other  by  a  small 
strip  of  wood  at  the  top,  Fig.  38.  Over  this  the  plates  are  laid 
horizontally  with  strips  of  wood  between  each  to  prevent  actual 
contact.  This  arrangement  gives  about  100,000  square  inches  of 
precipitating  surface  to  each  system.  Both  series  of  tanks  are 
tilled  with  copper  in  the  same  way.  The  tanks,  while  the  precipi¬ 
tation  is  going  on,  are  kept  covered  with  wooden  covers.  At  the 
end  of  a  week  they  are  removed  and  the  copper  plates  shaken 
and  washed  in  the  liquid  to  remove  the  silver  sponge  which 
falls  to  the  bottom  and  is  taken  out.  This  sponge  is  very 
light  and  adheres  very  slightly  to  the  copper.  After  the  copper 
plates  are  taken  out  the  liquid  is  allowed  to  settle. 

The  copper  solution  is  drawn  into  the  tanks  n  n,  and  the  silver 
carried  to  the  tubs  D  to  be  washed  to  remove  any  traces  of 
copper.  It  takes  about  two  hours  to  get  the  tanks  ready  for 
another  charge.  More  than  half  of  the  silver  is  deposited  in  the 
first  four  compartments.  Here  the  copper  plates  last  about  four 
months.  In  the  other  compartments  they  last  twelve  months. 

The  amount  of  copper  dissolved  is  equal  to  the  quantity  of 
sulphuric  acid  set  free  from  the  silver. 

C.  Washing  and  Fusing  the  Cement  Silver. — The  cement 
silver  is  washed  in  a  washer  invented  by  Professor  Pearce  and 
patented  in  England  about  the  year  1866.  It  is  a  tub  about 
4  ft.  high  and  4  ft.  in  diameter  at  the  top  and  2  f  t.  at  the  bottom. 
It  is,  however,  sometimes  made  a  little  smaller,  being  42  in.  high, 
40  in.  in  diameter  at  the  top,  and  23  in.  at  the  bottom.  This  tub, 
with  its  injector,  is  shown  in  detail  at  Figs.  39  and  40.  Two  of 
these  washers  are  placed  on  a  raised  platform  having  a  spout, 
connecting  with  the  sulphate  of  copper  tanks.  About  3000  oz. 
of  silver  are  placed  in  the  false  bottom  of  the  tub.  A  mixture 
of  one  part  of  sulphuric  acid  to  100  parts  of  water  is  then  placed 
in  the  tub  in  sufficient  quantity  to  cover  all  the  silver.  Steam 
at  a  pressure  of  50  lb.  is  then  turned  on  through  the  injector  and 
the  ann  moved  so  as  to  open  the  air  holes.  The  steam  and  air 
pass  down  through  the  false  bottom  and  up  through  the  silver 
an  sulphuric  acid.  A  very  violent  ebullition  is  caused  in  the 
lquid  by  this  passage  of  the  air  and  steam. 

sil\t*L  is  thus  kept  in  constant  agitation,  and  fresh  surfaces 
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are  constantly  exposed  to  the  action  of  the  acid.  Besides  this 
mechanical  effect  the  current  of  air  oxidizes  the  metallic  copper 
and  transforms  it,  together  with  the  suboxide,  into  sulphate.* 
The  cement  silver  from  the  tanks  still  contains  some  traces  of 
copper  as  sulphate  and  some  metallic  copper  detached  from  the 


rEAKCE’s  WASHER. 

At  the  end  of  two  to  three  hours  the  liquid  is  run  off  through 
the  spout  into  the  tanks.  The  silver  is  then  washed  for  half  an 
hour  with  clean  water  and  steam  and  then  removed  in  buckets 
to  be  dried  on  top  of  the  drying  furnace,  Figs.  41  and  42.  It 
requires  from  three  to  three  and  a  half  hours  to  completely  purifj 
the  3000  oz.  of  cement  silver.  After  drying,  the  silver  is  melted 
in  graphite  crucibles  in  the  furnace,  Figs.  43  to  45.  It  is  cast  in 

*  This  injector  is  also  used  in  parting  the  rich  auriferous  copper  alloy,  for 
the  separation  of  gold,  and  manufacture  of  sulphate  of  copper. 
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heated  iron  moulds  smeared  with  oil  in  the  mould  Fig.  46.  The 
bricks  are  worth  from  $1200  to  $1500,  and  are  from  999  to 
999.5  fine. 

1).  Precipitation  of  the  Copper. — The  copper  solution  from  the 
tanks  G,  see  general  plan,  Fig.  26,  runs  into  one  of  the  tanks  n. 
Figs.  36  to  38,  which  are  divided  into  compartments  like  the  tanks 
g,  and  are  also  covered.  These  compartments  are  tilled  with  scrap 
iron,  which  is  simply  thrown  in  without  any  special  care  in  piling. 
The  spent  liquor,  which  is  sulphate  of  iron,  when  sulphuretted 
hydrogen  or  a  polished  steel  plate  shows  no  trace  of  copper,  is 
discharged  into  the  stream  ;  the  velocity  of  the  discharge  being 
regulated  according  as  the  action  is  quick  or  slow.  The  copper 
precipitates  on  the  iron  and  is  left  to  accumulate.  The  compart¬ 
ments  are  cleaned  out  about  once  a  month.  The  copper  is 
removed  from  the  iron  by  simply  moving  it  backward  and 
forward  in  the  liquid.  The  iron  so  cleaned  is  at  once  placed  in 
an  empty  tank  to  be  used  on  a  fresh  charge.  All  the  iron  used 
is  old  scrap  iron,  and  is  therefore  not  weighed.  About  5000  lb. 
to  6000  lb.  are  used  in  each  tank.  The  cement  copper  is  allowed 
to  dram  and  dry,  and  is  then  taken  to  the  smelting  furnace.  It 
contains  about  90  per  cent*  of  metallic  copper  when  it  is  fresh. 
The  small  amount  of  impurity  is  owing  to  the  fact  that  the  tanks 
are  closed,  thus  preventing  the  precipitation  of  insoluble  com¬ 
pounds  of  iron.  The  cement  copper  oxidises  very  rapidly  in 
contact  with  the  air,  so  that  when  ready  for  the  furnace  it  does 
not  contain  more  than  80  per  cent,  of  copper  in  the  metallic  state. 

E.  Refining  the  Copper. — The  furnace  in  which  the  cement 
copper  is  refined  is  shown  at  A  in  the  ground  plan,  Fig.  35,  and  in 
detail  by  Figs.  4<  to  52.  The  fireplace  is  5  ft.  long,  and  28  in.  wide 
at  the  top  of  grate.  The  grate  has  the  same  length,  but  is  only 
17  in.  wide.  The  bridge  is  2  ft.  wide.  The  laboratory  is  6  ft. 

4  in.  long  and  4  ft.  4  in.  wide,  and  has  two  doors,  one  at  the  end, 
which  is  the  charging  door,  and  one  at  the  side,  which  is  the 
working  door.  Just  over  the  bridge,  Figs.  47  and  52,  there  are 
two  rows  of  six  openings,  each  for  the  introduction  of  air ;  these 
art.  co\ered  with  a  hood  to  prevent  the  introduction  of  foreign 
substances.  The  furnace  connects  with  the  chimnev  by  a  flue, 
which  Is  2  ft.  square. 


Copper  Refining  Fui'nace. 
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The  fireplace  has  11.65  square  feet  and  the  laboratory  21.70 
square  feet,  so  that  the  relation  between  them  is  nearly  1 : 2. 
This  furnace  runs  once  a  month  for  eighteen  or  nineteen  hours. 
A  charge  of  2500  lb.  of  copper  mixed  with  50  lb.  of  refuse 


charcoal  is  put  in  at  G  p.m.  The  fireman  keeps  up  the  fire  during 
the  night  and  the  refiner  takes  it  at  7  A.M.,  and  then  skims  otf 
the  slag  and  exposes  the  surface  of  the  bath.  Considerable 
sulphurous  acid  is  given  off,  probably  from  the  reduction  of  the 
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sulphate  of  iron  in  the  cement  copper.  The  charge  is  worked 
for  a  “  set,”  which  takes  three  to  four  hours.  This  is  done  by 
striking  the  surface  with  the  rabble  and  making  waves.  This  is 


Fig.  49. 


called  beating  the  copper.  The  copper  produced  contains  from 
t«o  to  three  per  cent,  oxide  of  copper  dissolved  in  it, but  it  is  not 
necessary  to  refine  it  completely,  as  it  is  used  at  once  in  the  tanks 
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< «•  The  copper  is  taken  from  the  furnace  with  a  ladle  and  is 
poured  into  a  cast-iron  mould  made  of  a  frame  which  is  slightly 
tapering,  being  larger  at  the  bottom  than  the  top.  This  frame  is 
placed  on  a  cast-iron  plate  3  in.  in  thickness.  The  ladleful  of 
copper  poured  in  is  allowed  to  set,  that  is  a  film  of  suboxide  of 
copper  is  allowed  to  form,  another  ladle  is  poured  on,  and  so  on 
until  the  mould  is  full.  The  cast-iron  frame  is  then  removed  and 
the  plates  fall  out  separately  as  the  oxide  prevents  anything 
more  than  contact.  Twenty-five  plates  are  made  in  this  way  at 
a  time. 


V.  Treatment  of  the  Ziervogel  Tub  Residues. 

A.  Fusion  for  White  Metal. — The  residues  from  the  tubs 
consist  of  oxides  of  copper  and  iron  with  20  oz.  to  30  oz.  of  gold 
and  40  oz.  of  silver  to  the  ton.  They  amount  to  about  22  tons 
a  week.  They  are  melted  in  the  matte  furnace,  Figs.  28  to 
dl,  with  rich  gold  ores  of  the  first  class,  containing  iron 
with  copper  pyrites  and  variable  quantities  of  gangue,  and 
highly  silicious  tellurium  ores.  All  the  silicious  pyritiferous 
ores  are  selected  for  this  purpose.  The  ores  are  all  crushed 
and  put  through  a  f our- to-th e-inch  mesh  sieve.  The  charge  is 
brought  to  the  furnace  in  alternate  barrows  of  residues  and 
ore,  but  it  is  not  mixed  before  charging,  as  it  becomes  mixed 
after  it  is  thrown  into  the  furnace.  The  charge  consists  of : 


lb. 

Tub  residues  ..  . 

...  4000 

Raw  gold  ores  of  the  first  class  .  . 

...  2500 

Gold  ores  of  the  third  class . 

000 

Total 

...  7400 

When  there  are  no  tellurium  ores  the  charge  of  gold  ores  of 
the  first  class  is  made  to  amount  to  3400  lb.  The  treatment 
is  exactly  the  same  as  before.  A  poor  slag  containing  only 
two  ounces  of  silver  and  a  trace  of  gold  is  produced ;  it  is  very 
much  poorer  than  those  of  the  previous  fusion.  It  has  other¬ 
wise  very  nearly  the  same  composition  as  the  others,  but  there 
is  no  zinc  either  as  blende  or  oxide  in  it. 


VOL  I. 


L 
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The  matte  contains: 
Copper 

Gold . 

Silver . 

Sulphur 


CO  per  cent. 
55  oz. 

...  130  „ 

30  per  cent. 


It  is  called  white  metal.  If  the  matte  was  made  richer  in 
copper  the  slag  would  also  be  richer  and  there  would  be  more 
loss.  The  tapping  is  made  twice  in  twenty-four  hours.  In 
other  respects  the  labour,  fuel,  &c.,  is  the  same  as  in  the  matte 
fusion  No.  4.  This  fusion  for  the  treatment  of  tub  residues 
takes  place  once  a  month  and  lasts  a  week.  All  the  plate  slag 
produced  during  this  operation  is  put  directly  back  into  the 
furnace. 

B.  Roasting  the  White  Meted. — At  the  end  of  a  week  all  the 
mattes  produced  are  recharged  in  large  lumps,  the  charge  being 
about  four  tons.  It  is  roasted  at  a  dull  red  heat  for  about  ten 
hours  with  admission  of  air.  The  reaction  which  takes  place 
between  the  sulphide  and  oxide  makes  a  peculiar  noise  which 
can  be  heard  at  some  distance  from  the  furnace.  The  operation 
is  termed  “  roasting  ”  for  black  copper,  but  it  is  stopped  at 
half  way.  As  the  sulphur  is  driven  off  some  metallic  copper  is 
liberated.  The  slag  Is  very  thick,  and  not  more  than  200  lb.  to 
300  lb.  are  produced.  It  contains  from  eight  to  ten  per  cent,  of 
copper,  and  is  highly  basic,  often  containing  crystals  of  magnetite. 
At  the  end  of  the  ninth  hour  the  doors  are  closed  and  the  fire¬ 
place  charged.  The  whole  furnace  is  brought  to  a  high  heat  so 
that  the  whole  charge  is  in  intimate  fusion.  Just  before  tap¬ 
ping  it  is  rabbled  for  five  minutes,  and  then  tapped  into  sand 
moulds.  The  tapping  is  done  as  before,  but  moulds  are  made 
to  receive  the  mattes  as  the  charge  is  greater.  In  the  first 
three  or  four  pigs  there  will  be  found  plates  or  bottoms  of 
metallic  copper  containing  arsenic,  antimony,  and  lead.  These 
bottoms  contain  nearly  the  whole  of  the  gold,  with  from  three 
to  five  per  cent,  silver,  and  eighty  per  cent,  copper.  The  matte 
is  pimple  metal,  and  contains  about : 

r  .  75  per  cent. 

??ld .  2  oz. 

Sllver . 120  „ 
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^  r°m  every  charge  about  GOO  lb.  of  bottoms,  and  3  tons  of 
matte,  are  produced.  This  bottom  fusion  takes  three  days, 
making  ten  days  for  this  treatment  of  the  residues.  The  labour 
is  the  same  as  in  the  matte  fusion,  but  more  wood  is  used,  four 
cords  being  burned  in  twenty-four  hours.  Only  two  operations 
are  made  in  twenty-four  hours. 

C.  Treatment  of  tlie  Pimple  Metal. — The  pimple  metal  is 
roasted  again  in  the  same  way,  treating  it  nearly  five  hours, 
and  making  four  charges  in  twenty-four  hours.  Other  bottoms 
are  produced  poorer  in  gold,  but  containing : 


Gold  ... 
Silver... 
Copper 
Sulphur 


60  to  100  oz. 
300  oz. 

75  per  cent. 
25 


The  pimple  metal  from  this  fusion  contains  : 


Gold...  ...  ...  ...  ...  ^  oz. 

Silver...  . .  ...  no 

Copper  .  80  per  cent. 

Sulphur  .  20  „ 

the  iron  being  entirely  removed.  This  operation  takes  one 
and  a  half  days.  The  bottoms  are  treated  with  the  other 
bottoms.  The  pimple  metal  goes  to  the  Ziervogel  process  B, 
but  is  kept  entirely  separate  because  it  contains  no  gold  as  does 
that  of  the  process  A. 


YI.  Treatment  of  the  Residues  of  the  Ziervogel  Process 
B  by  the  Augustine  Process. 

The  residues  from  the  Ziervogel  process  B,  which  contain 
25  oz.  of  silver  per  ton,  are  roasted  with  salt  in  one  of  the 
furnaces  B,  Fig.  35,  for  roasting  for  sulphate  of  silver  in  the 
Ziervogel  process.  The  residues  are  charged  moist,  a  charge 
being  one  ton.  It  is  heated  for  two  hours,  until  it  is  hot. 
Twenty  pounds  of  salt  are  then  added,  and  well  rabbled  into 
the  charge  for  fifteen  minutes. 

The  charge  is  then  drawn  to  prevent  the  loss  of  copper,  as 
well  as  chloride  of  copper.  Three  charges  are  made  in  twelve 
hours.  This  requires  one  man,  and  three-fourths  of  a  cord  of 
wood. 


148 


Augustine  Process. 


Solution. — This  material  is  treated  with  a  hot  saturated  solu¬ 
tion  of  brine,  a  tank,  holding  1000  gallons  of  the  brine  solution 
being  always  kept  in  reserve ;  1600  lb.  of  the  chlorurised  residues 
are  placed  in  a  vat,  and  the  solution  allowed  to  constantly  flow 
through  it  by  an  inch  pipe  for  four  hours. 


The  liquid  which  inns  out  of  the  solution  tubs  runs  into  tanks, 
Figs.  53,  54,  and  55,  where  the  silver  is  precipitated  with  copper, 
and  the  copper  with  iron,  as  in  the  Ziervogel  process.  The  salt 
solution  contains  chloride  of  iron,  and  is  pumped  back  into  the 
tanks,  and  is  used  again.  Chloride  of  iron,  by  constant  boiling. 


becomes  perchloride,  and  Anally  sesquioxide,  and  is  precipitated. 
The  salt  solution  lasts,  with  occasional  renewals  of  water,  inde- 
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Treatment  of  the  Bottoms. 

finitely.  The  loss  of  salt,  per  ton  of  residue  treated,  is  about 
10  lb.  The  residues  from  this  treatment  are  either  reduced  and 


made  into  ingots,  or  sold  as  they  are  as  residues.  The  precipita 
tion  is  the  same  as  in  the  Ziervogel  process,  except  that  chlorides 
are  formed.  The  material  is  alwaj^s  kept  separate. 

VII.  Treatment  of  the  Bottoms. 

Four  tons  of  white  metal  from  the  Ziervogel  treatment,  gives 
600  lb.  of  bottoms.  These  are  left  to  accumulate  until  they  amount 
to  3500  lb.,  enough  for  a  charge  in  the  small  reverberatory 
furnace.  The  furnace  in  which  this  operation  is  effected  is  shown 
in  the  general  plan  at  C,  and  in  detail  in  Figs.  56  to  61.  The 
fireplace  is  6  ft.  long,  4  ft.  deep,  42  in.  wide  at  the  bridge,  and 
20  in.  at  the  grate.  The  bridge  is  4  ft.  wide.  The  laboratory  is 
9  ft.  long,  6  ft.  9  in.  wide,  and  connects  with  the  chimney  2  ft. 
6  in.  square,  by  a  flue.  The  surface  of  the  fireplace  is  21  square 
feet,  that  of  the  laboratory  46.27  square  feet ;  the  relation,  there¬ 
fore,  is  1 :  4.  The  furnace  has  a  working  door  at  the  side  and  a 
charging  door  at  the  end.  On  the  side  opposite  the  working  door 
there  is  a  spout  which  ends  in  a  wooden  tank  sunk  in  the  ground, 
which  is  4  ft.  5  in.  in  diameter  and  3  ft.  deep.  The  object  of  the 
process  is  to  oxidize  the  lead  and  other  impurities,  and  to  prepare 
the  metal  for  treatment  for  gold.  The  charge  is  made  at  7  A.M. 
It  is  first  sweated  at  a  low  temperature  for  two  or  three  hours, 
during  which  time  some  of  the  lead  liquates  and  runs  out  of  the 
furnace.  It  is  then  left  to  oxidize  for  three  or  four  hours.  In 
about  seven  hours  the  charge  is  well  melted.  The  slag,  which  is 
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skimmed  at  this  time,  is  composed  mostly  of  oxides  of  lead  and 
copper  containing  from  10  to  15  per  cent,  of  copper,  and  is  sent 
to  operation  No.  3.  After  the  slag  is  withdrawn,  the  hath  is 
beaten  with  a  rabble  for  about  two  hours,  all  the  doors  being 
opened  to  admit  an  excess  of  air.  It  is  again  skimmed  and 
tapped  into  water.  The  “  pitch,”  that  is  the  condition  of  the 
copper,  must  be  such  that  the  whole  of  the  sulphur  is  eliminated 
before  the  oxygen  is  absorbed.  If  the  pitch  is  right,  the  globules 
"  ^  ^e  round  and  hollow.  This  point  must  be  seized  with 
the  greatest  nicety,  for  if  the  charge  remains  too  long  in  the 
furnace  the  globules  will  cast  solid,  and  the  charge  must  then 
be  put  back  and  worked  with  sulphur.  The  temperature  of  the 
'water  governs  the  size  of  the  globules.  They  are  small  when  it 
is  cold  and  large  when  it  is  hot,  but  it  does  not  otherwise  affect 
it.  It  takes  alxmt  ten  minutes  to  do  this  casting.  The  copper 
flowing  from  the  spout  falls  on  to  a  pole  of  green  wood  held 
underneath  it,  so  as  to  scatter  the  copper.  Care  must  be  taken 
that  the  slag  does  not  flow  with  the  copper.  To  prevent  it  the 
doors  are  opened,  so  that  the  slag  is  cooled  until  it  is  pasty.  One 
chaige  is  made  at  a  time,  and  only  one  or  two  per  month.  The 
globules  contain  1000  oz.  of  gold,  600  oz.  of  silver,  and  a  trace  of 
lead.  Twenty  tons  of  white  metal  give  one  ton  of  refined  auri- 
feious  copper.  Three  cords  of  wood  are  used,  one  man  tends 
the  furnace,  one  man  docs  the  firing. 


^  III.  Treatment  of  the  Oxidized  Copper  Alloy. 

The  copper  globules  are  oxidized  in  one  of  the  fine  cal- 
ciners,  in  which  sulphate  of  silver  is  treated.  One  and  a  half 
tons  are  charged  at  a  time.  The  oxidation  takes  thirty-six 
hours.  The  globules  are  put  into  the  furnace  in  a  heap  and 
spread  out  over  the  hearth.  The  charge  will  be  3  in.  deep. 
Ihe  fireplace  is  charged  at  once,  and  the  temperature  is 
made  as  hot  as  the  red  bricks  will  bear,  and  as  oxidizing  as 
possible.  It  is  constantly  rabbled.  At  the  end  of  thirty-six 
hours  a  portion  is  taken  out  and  tested,  to  see  that  it  will 
pulverize  completely.  If  it  does  the  operation  is  finished,  if  it 
does  not  the  oxidation  is  continued.  The  whole  of  the  copper 
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lias  been  transformed  by  the  operation  into  suboxide,  and  the 
charge  is  increased  in  weight  about  500  lb.  by  the  operation. 
The  grains  are  black  on  the  outside,  but  if  broken  or  rubbed  the 
streak  is  red  The  charge  is  drawn  out  into  an  iron  barrow 
and  carried  to  the  store-room.  It  is  placed  in  bags,  packed  in 
petroleum  casks,  and  shipped  to  Boston.  One  cask  holds  650  lb. 
Three  cords  of  wood  are  used  for  the  process,  and  two  men  do 
the  work,  one  man  to  each  twelve  hours’  shift.  The  men  are 
required  to  bring  their  own  wood. 

The  oxidized  product  is  treated  with  dilute  sulphuric  acid.  This 
is  done  in  a  conical  tub  lined  with  lead  with  a  false  bottom.  The 
bottom  is  hollowed  so  as  to  leave  as  little  space  as  possible.  A 
charge  is  1500  lb. ;  over  this  sulphuric  acid  at  20  deg.  Baume  is 
pouied.  Steam  and  air  are  tui’ned  on  and  the  boiling  con¬ 
tinued  for  four  hours.  The  whole  is  not  dissolved,  but  90  per 
cent,  of  the  copper  will  be  in  solution.  It  is  allowed  to  settle 
foi  an  hour,  and  is  syphoned  off  and  a  fresh  charge  put  in. 
Two  charges  are  made  in  a  day.  This  is  repeated  until  all  the 
oxidized  products  have  been  treated.  This  work  is  not  done  at 
night.  The  residues  are  boiled  two  or  three  times  in  the  same 
way  to  get  out  all  the  copper  possible.  The  tub  is  then  cleaned 
up  and  what  remains  is  melted  in  plumbago  crucibles.  The 
bullion  is  from  600  to  800  fine  of  mixed  metals.  It  contains 
from  40  to  50  per  cent,  gold  and  20  to  30  per  cent  of  silver. 
This  is  sent  to  the  mint. 

The  sulphate  of  copper  is  crystallized  and  sold.  The  mother 
liquor  is  used  to  dilute  the  acid  used  for  the  solution  of  the 
oxides. 

The  working  of  these  alloys  of  gold,  silver,  and  copper  was 
first  tried  in  the  works,  and  was  given  up  on  account  of  the 
high  price  of  sulphuric  acid.  It  was  carried  on  for  more  than 
a  year  in  Boston,  but  has  quite  recently  been  abandoned,  and  the 
separation  of  gold  and  silver  is  now  to  be  done  at  the  works  by 
a  process  invented  by  Professor  Pearce. 
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CHAPTER  IV. 

CRUSHING  MACHINERY. 

CALIFORNIA  STAMP  MILLS. 

The  peculiar  conditions  under  which  the  processes  for  the 
extraction  of  gold  and  silver  west  of  the  Rocky  Mountains  exist, 
have  developed  in  these  regions  processes  which  are  characteristic 
of  the  district  where  they  are  used.  They  have  been  invented 
under  special  exigencies  and  difficult  conditions  which  characterise 
all  newly  settled  regions  remote  from  the  centres  of  civilisation, 
and  which  are  never  the  same  in  different  districts.  Attracted 
by  the  rumour  of  untold  wealth  easily  accumulated,  and  by 
circumstantial  stories  of  suddenly  made  fortunes,  the  miner  in 
the  early  days  found  himself  in  the  “  diggings  ”  in  the  face  of 
stern  necessity  obliged  to  continue  his  work  with  low-grade  ores, 
difficult  to  mine,  and  rebellious  to  treatment.  The  result  of  the 
effort  of  the  miner  in  the  Western  States  and  Territories  to 
work  out  the  problem  of  living  has  been  that  a  number  of 
machines,  many  mechanical  devices,  and  a  series  of  processes  have 
grown  up,  little  by  little,  in  the  course  of  years,  to  which  the 
unsuccessful  have  contributed  their  experience  and  the  successful 
their  energy  and  capital,  until  the  ores  of  the  Western  States  are 
now  worked  on  carefully  elaborated  processes,  which  either  no  one 
person  has  invented,  or  the  inventors  of  which  have  been  forgotten. 

The  processes  used  in  Europe  both  for  crushing  and  for  treating 
the  precious  metals,  were  either  unknown,  or  were  based  on  saving 
what  would  not  pay  to  work  in  this  country;  involving  in  many 
cases,  at  the  same  time,  an  outlay  of  capital  which,  if  the  miner 
had  possessed,  he  never  would  have  brought  to  the  “  diggings  ” 
to  invest.  It  was  not  of  so  much  consequence  whether  he 
obtained  all  the  pay,  or  even  a  large  percentage  of  it,  as  that  he 
should  obtain  some  of  it.  All  of  his  ore  had  to  be  crushed  in 
order  to  bring  the  precious  metals  in  contact  with  mercury.  And 
thus,  starting  with  the  rock-breaker,  Fig.  1,  which  he  found  the 
inhabitants  of  the  country  using  when  he  went  there,  then  sub- 
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stituting  for  it  the  Chilian  mill  and  the  arastra  of  the  Mexican 
patio,  or  the  pan  which  was  his  household  utensil  and  implement 
of  labour  at  the  same  time,  the  system  of  hydraulic  mining  grew 
up  for  treating  poor  placer  gold,  and  the  California  stamp  mill 
with  its  amalgamated  plates,  pan,  and  blanket  processes  for  treat- 
ing  free-milling  gold  and  silver  ores  on  a  large  scale.  The  early 
miner  had  no  time  and  no  inclination  to  stop  to  make  nice  dis¬ 
tinctions.  He  knew  that  quartz  contained  gold  and  silver,  and 
hence  any  and  every  rock  containing  the  precious  metals,  no 
matter  what  it  was,  was  to  him  quartz.  With  him  the  im¬ 
portant  question  was,  not  what  its  composition  was,  but  how  he 
could  readily  get  the  pay  out  of  it. 

The  California  stamp  mill  is,  undoubtedly,  the  legitimate 
growth  of  the  old  German  stamp  with  its  clumsy  working, 
without  considering  time  as  an  element  of  value.  The  high  prices 
of  everything  necessary  to  life  have,  however,  developed  out  of 
the  old  inefficient  wooden  battery  a  machine  of  such  perfection 
that  beside  it  the  Hungarian  stamps  of  to-day  seem  always  to 
have  been  clumsy,  cumbersome,  and  wasteful  in  the  use  of  power ; 
and  we  are  apt  to  forget,  in  the  face  of  new  machinery,  the  real 
service  they  have  rendered  in  former  times.  The  Mexican  patio 
plan  of  amalgamation,  adopted  from  the  original  settlers  and  the 
barrel  process,  used  by  the  early  miners,  have  produced  the 
pan  with  its  machinery  and  appliances,  which  is  so  different 
from  either  of  them,  that  we  accept  the  fact  of  their  growth  as 
a  matter  of  history',  although  hardly  able  to  trace  any  of  the 
steps  of  it.  So  distinctive,  however,  are  all  these  methods,  that 
they  are  known  wherever  the  precious  metals  are  worked,  as  the 
American  processes.  At  first  rebellious  ores  were  not  treated. 
Only  free-milling  ores  were  stamped,  but  when  it  was  found  that 
the  rebellious  were  often  richer  than  the  free-milling  ones,  they 
were  roasted  in  heaps  previous  to  crushing. 

The  California  stamp  mill  is  such  an  important  element  in  the 
working  of  both  gold  and  silver  vein  matter,  that  before  de¬ 
scribing  the  direct  or  indirect  amalgamation  of  either  of  these 
metals,  it  must  be  discussed  in  detail.  It  consists  of  several 
distinct  parts  which  are  adjuncts  to  it,  serving  to  hold  it  together 
or  to  make  it  efficient.  The  stamp  itself  is  made  up  of  the  stem, 
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the  tappet,  the  boss  or  head,  and  the  shoe ;  it  works  on  the  die 
in  the  mortar.  The  framework  by  which  these  are  supported 
carries  the  cam-shaft  and  the  cam,  and  behind  them  are  the  bins 
for  receiving  the  ore  which  it  is  to  treat. 

The  California  stamp  differs  from  the  ordinary  European 
stamp  in  the  fact  that  all  its  parts  are  interchangeable,  and  are 
made  either  of  iron  or  cast  iron  or  steel ;  and  from  the  ordinary 
Cornish  stamps  in  that  the  stems,  shoes,  and  dies  are  made  round, 
and  that,  by  an  arrangement  of  the  tappet  and  cam,  the  whole 
stamp  is  made  to  revolve  a  certain  fraction  of  a  circle  at  every 
stroke  of  the  cam.  There  are  many  other  minor  details,  but 
these  are  the  characteristic  ones.  They  are  arranged  both  for 
wet  and  dry  crushing,  and  differ  somewhat  in  detail,  according 
as  they  are  used  for  one  or  the  other.  We  shall  discuss  the 
stamp  in  the  order  of  the  foundations,  the  frame,  the  mortar,  the 
die,  the  cam,  and  the  cam-shaft,  and  the  stamp  proper,  giving  the 
differences  as  the  mill  is  arranged  for  gold  or  for  silver,  or  for  wet 
and  dry  crushing,  as  each  special  principle  is  described  in  detail. 
These  differences  pertain  mostly  to  the  mortar  and  screens,  and 
not  so  much  to  the  stamp  itself.  The  foundations  are  the  most 
important  part  of  the  construction,  as  the  efficiency  of  the  battery 
depends  mainly  upon  them.  If  they  have  been  properly  pre- 
paied,  the  effective  horse-power  of  the  battery  will  be  large. 
Whenever  they  are  improperly  made,  from  a  desire  to  do  the 
work  cheaply  or  from  carelessness,  the  batteries  cannot  run  at  a 
high  speed  without  racking  themselves  to  pieces,  but  if  properly 
constructed  they  can  be  run  for  a  great  length  of  time  without 
bi  caking  a  bolt.  There  are  a  number  of  very  expensive  mills  in 
California  and  Nevada,  where  a  considerable  part  of  the  power 
of  the  battery  is  expended  in  simply  shaking  the  structure  to 
pieces,  owing  to  the  improper  construction  of  the  foundations, 
and  anchorage  of  the  battery  blocks  and  frame.  The  greater 
the  care  given  to  this  part  of  the  structure  the  less  the  repair 
account  will  be,  and  the  greater  the  amount  of  effective  work 
done  by  the  stamp. 

b  or  the  foundations  the  earth  must  be  removed  to  the  bed  rock 
which  must  be  carefully  trimmed  and  levelled.  The  depth  of  the 
tiench  will  \ary  from  G  ft.  to  14  ft.  according  to  the  nature  of 
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the  ground.  A  wall  of  masonry,  6  ft  thick,  is  then  built  on  both 
sides  of  it,  as  at  the  Keystone  Mill,  making  a  trench,  8  ft.  wide 
at  the  top  and  C  ft  at  the  bottom,  the  whole  length  of  the 
battery.  At  the  Consolidated  Virginia  all  of  this  trench  was  cut 
out  of  trachyte.  The  bottom  was  levelled  up,  and  pounded  with 
an  iron  stamp  to  make  it  firm.  Cement  was  used  to  make  an 


STAMP  MILL  FRAMING. 

accurate  floor.  The  pit  was  thus  made  large  enough  to  leave  a 
space  of  2  ft.  all  around  the  mortar  block,  which  is  generally  filled 
with  poor  battery  sand. 
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At  the  Consolidated  Mine,  the  mortar  blocks  A,  Figs.  62,  63,  and 
64,  are  30  in.  by  30  in.  square,  and  12  ft.  to  14  ft.  long.  They  are 


'  Fig.  64. 


Fig.  63. 


Fig.  66. 


made  perfectly  true,  and  both  sides  are  coated  thoroughly  with 
hot  Stockholm  tar,  so  as  to  have  an  excess  of  it,  and  to  fill  up  all 
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11  in.  bolts  in  the  same  way  as  the  mortar  blocks,  having  been 
first  accurately  squared.  The  bottom  of  these  blocks  with  the 
mortar  blocks  in  the  centre,  forms  its  support.  Five  feet  from 
the  top  the  mortar  blocks  are  sized  59  in.  by  29  in.  The  blocks 
so  prepared  are  let  down  upon  the  floor,  and  once  there,  if 
there  has  been  any  want  of  accuracy  in  the  level,  sand  is 
thrown  in  to  level  up  with.  Once  in  place,  the  height  of  the 
block  is  determined  accurately,  and  sighted  through  the  whole 
line  on  a  level.  Boards  are  then  nailed  on  this  line,  which  is 
usually  2  ft.  to  3  ft.  from  the  top,  and  the  projecting  part 
sawed  off.  The  top  is  then  planed  smooth,  making  it  about 
t<t  in*  hollow,  to  insure  the  block  not  becoming  rounded.  In 
the  interval  before  the  mortar  is  put  on,  the  top  is  covered 
with  boards  to  secure  it  from  injury. 

The  mortar  block  once  in  position,  the  frame,  which  is  generally 
made  of  the  best  red  spruce  or  sugar  pine,  must  be  raised. 
For  this  purpose  three  battery  sills,  D,  Figs.  62  to  69,  18  in. 


by  24  in.  and  28  ft.  long,  are  placed  in  position  parallel  to 


the  direction  of  the  cam-shaft.  The  distance  between  the  centres 
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of  the  first  two,  one  in  front  and  one  behind  the  mortar  block, 
and  that  of  the  block,  is  5  ft.  The  other  is  14  ft.  from  centre  to 
centre  in  front  of  the  first  sill.  These  sills  are  secured  by  bolts 
8  ft.  long,  which  are  keyed  either  into  the  masonry,  or  to  the  bed 
rock.  In  case  the  sills  are  to  be  anchored  to  the  bed  rock,  holes 
at  least  3  ft.  deep  and  14  in.  in  diameter  are  drilled  into  the  rock. 
The  bottom  of  the  bolts  which  are  to  secure  the  sill  are  slotted 
6  in.  from  the  end,  and  wrought-iron  wedges  -J  in.  by  1  in.,  and 
5  in.  long,  with  a  head  1  in.  square,  are  made  to  fit  the  slot ;  the 
bolt  is  placed  in  the  hole  and  driven  so  that  the  wedge  enters  up 
to  its  head.  The  holes  are  then  filled  with  melted  sulphur.  The 
bolts  must  be  long  enough  to  admit  of  cast-iron  washers  and  nuts 
on  top  of  the  sills.  The  outside  line  timbers,  B,  Figs.  62,  and  67  to 
69,  for  each  battery,  14  in.  by  20  in.,  and  28  ft.  long,  are  now  placed 
in  position.  These  are  wedged  into  the  battery  sills,  and  securely 
fastened  by  two  bolts  in  each  sill.  The  top  of  the  sill  is  4  ft. 
below  the  top  of  the  mortar  block.  The  centre  line  timbers,  Fig.  64, 
are  20  in.  by  20  in.  and  28  ft.  long.  The  intermediate  line 
timbers  are  14  in.  by  20  in.  and  28  ft.  long ;  they  are  dressed  on 
the  top  side  and  sized  to  134  in.  and  194  in.  each,  where  they 
pass  the  battery  blocks.  They  are  let  into  the  sills  at  least 
3  in.,  and  secured  by  keys  driven  both  ways,  and  by  two  iron 
bolts  33  in.  long  and  1 J  in.  in  diameter.  The  outside  battery  post 
is  23  in.  by  13£  in.,  and  is  tarred  and  let  into  the  sills.  The  posts 
for  four  batteries  are  raised  at  once  ;  as  the  middle  one  of  the  five 
has  to  bear  a  greater  strain  than  the  others,  it  is  made  23  in.  by 
194  in.  They  are  secured  to  the  line  timbers  by  two  1 -in.  joint 
bolts,  each  44  in.  long.  The  rest  of  the  frame  is  shown  in  Figs.  62 
to  66.  In  the  upper  part  of  these  posts  the  cam-shaft  journal 
seat  is  cut,  H,  Figs.  62,  and  67  to  69.  The  posts  are  held  together 
by  the  stamp  guides  K,  the  lower  one  of  which  is  174  in.  by 
13J  in.,  and  the  upper  one  13£  in.  square.  The  method  of  sup¬ 
porting  these  posts  against  strain  is  shown  in  Figs.  62,  and  67 
to  69.  Fig.  02  is  that  of  the  Consolidated  Virginia  Wet  Crushing 
Silver  Mill ;  Fig.  68  is  a  wet  crushing  gold  mill;  Fig.  69  is  a  dry 
ciushing  silver  mill ;  Fig.  67,  the  old  form  used  for  both  wet 
and  diy  crushing ;  bigs.  67  and  69  are  being  rapidly  abandoned  ; 
they  allow  the  whole  battery  to  spring,  as  they  are  hung 
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by  means  of  iron  rods ;  and  both  are  objectionable,  because 
they  are  braced  on  the  feed  side,  where  it  is  desirable  to 
have  the  greatest  freedom  of  passage.  The  object  of  the 
bracing  should  be  to  allow  of  the  greatest  speed  of  the 
heaviest  stamp,  with  the  least  possible  shaking  of  the  timbers. 
Any  outlay  of  money  to  achieve  this  purpose  will  very  shortly 
pay  for  itself  in  the  repair  account,  and  no  amount  of  repair 
will  remedy  defects  of  original  construction.  As  the  forward 
strain,  against  which  the  battery  must  be  braced,  is  the  pull 
of  the  belt  which  runs  the  stamp,  no  bracing  of  any  kind  is 
needed  on  the  feed  side,  if  the  battery  is  properly  constructed. 
The  form,  Fig.  G2,  which  is  that  of  the  Plumas  Eureka  Gold 
and  Consolidated  Virginia  Silver  Mill,  is  the  best  and  strongest 
construction,  and  is  very  generally  adopted  as  the  most  suitable 
for  heavy  stamps.  A  travelling  Weston  pulley  block  and  tackle 
is  usually  suspended  over  the  stamps  so  that  it  can  be  moved 
along  the  whole  line  of  the  batteries  as  soon  as  the  frame  is 
finished.  It  is  hung  from  the  roof  girders  by  wooden  hangers, 
and  secured  to  them  by  £  in.  bolts.  The  track,  which  is  1  ft. 
wide,  is  furnished  with  iron  rails,  on  which  cars  run  which  are 
fitted  with  eye-bolts  for  attaching  the  chain  blocks.  One  set 
of  chain  blocks  for  every  four  batteries,  or  twenty  stamps,  are 
usually  provided.  This  is  done  to  facilitate  the  operation  of 
putting  up  the  stamp  itself,  as  well  as  for  changes  and  repairs 
afterwards.  When  the  frame  is  ready  the  mortar  is  placed  in 
its  position  on  the  mortar  block. 

The  holes  for  the  mortar  are  bored  from  the  template  taken 
from  the  bottom  of  the  mortar.  When  the  mortar  is  to  be 
put  in,  the  temporary  covering  on  the  mortar  block  is  removed. 
The  season  cracks  are  filled  up  with  sulphur,  the  block  again 
planed,  carefully  coated  with  tar,  and  covered  with  three  thick¬ 
nesses  of  common  house  blankets,  costing  89  per  pair,  which  are 
carefully  coated  with  tar  on  both  sides.  The  mortar  is  placed 
upon  these  blankets  and  bolted  with  li  in.  bolts.  If  the  mortars 
were  bolted  directly  to  the  blocks  they  would  after  a  time  get 
loose,  and  sand  would  work  between  the  mortar  bottom  and  the 
block,  and  the  mortar  be  thrown  out  of  plumb  by  its  intro¬ 
duction  beneath  it.  If  sufficient  care  is  taken  in  the  con- 


1G0 


Mortar  8. 


struction  of  the  mortar  and  the  mortar  blocks,  the  battery  is 
almost  free  from  jar. 

The  mortars,  Figs.  70  to  73,  are  all  made  of  cast  iron,  but 
Fig.  70.  Fig.  71.  F%0-  72.  Fig.  74.  Fig.  73. 


differ  in  construction,  according  as  they  are  to  be  used  for  wet 
or  dry  crushing,  or  for  gold  or  silver  ores.  The  dry  crushing 
mortar,  Fig.  70,  is  the  same  for  crushing  both  metals.  For  wet 
crushing  each  metal  has  its  own  peculiar  form.  There  are  a 
great  many  patterns  of  these  mortars,  but  only  the  best  types 
will  be  described,  such  as  are  used  in  the  most  recently  con¬ 
structed  mills.  Figs.  70  to  73  give  the  various  kinds  of  mortars 
generally  made  by  the  foundries  of  San  Francisco  and  in  the  East. 
They  are  always  cast  solid  when  they  are  to  be  used  in  districts 
easily  accessible,  but  when  they  have  to  be  transported  by  wagons 
they  are  made  in  parts  and  bolted  together.  They  weigh  from 
3000  lb.  to  G000  lb.,  according  to  the  pattern.  Those  at  the  Key¬ 
stone  Consolidated  Gold  Mill  in  Amador  County,  California,  weigh 
5400  lb.  They  are  always  cast  heavy  on  the  bottom,  as  it  is  here 
that  there  is  the  greatest  strain.  The  sides  of  mortars  used  in 
districts  remote  from  foundries,  are  generally  cast  thin,  and  are 
protected  with  repair  piece  linings  which  are  constantly  replaced. 
They  are,  however,  sometimes  cast  extra  thick  to  be  used  without 
linings.  The  peculiar  advantage  of  the  California  mortar  in  all 
its  forms  is  its  strength  and  completeness,  as  all  the  parts  which 
can  be,  are  cast  in  one  piece,  and  it  therefore  can  be  set  up  or 
replaced  when  necessary  with  the  least  possible  delay.  It  is  very 
durable,  since  extra  strength  is  given  to  all  the  parts  likely  to 
give  out,  and  all  those  exposed  to  wear  are  specially  protected, 
particularly  those  which  are  liable  to  be  broken.  They  are 
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usually  about  4  ft.  7  in.  long,  and  from  4  ft.  2  in.  to  4  ft.  4  in. 
high,  and  12  in.  wide  on  the  inside,  where  the  dies  are  set.  The 
bottom  varies  from  3  in.  to  6  in.  in  thickness,  and  has  a  heavy 
flange  cast  on  it,  so  as  to  allow  of  its  being  bolted  to  the  battery 
blocks,  to  which  they  arc  secured  by  nine  |  in.  bolts.  The  dry 
mortar,  Fig.  70,  is  cast  in  one  piece,  or  is  made  sectional,  like 
Fig.  71,  when  it  is  to  be  transported.  The  bottom  of  this  latter 
mortar  is  made  of  cast  iron,  cast  in  transverse  sections,  into 
which  a  slot  h  is  carefully  planed  out  for  the  purpose  of  fitting  a 
wrought-iron  bar  into  it  to  which  the  sections  are  rivetted  by 
very  strong  bolts  turned  to  a  size,  and  driven  after  a  reamer. 
This  holds  it  securely  together.  The  upper  part  is  made  of 
boiler-plate  held  by  angle-iron.  When  set  up  it  is  perfectly 
firm.  When  made  in  one  piece  the  die  is  set  high.  The  screens 
are  slightly  more  inclined  from  the  perpendicular,  to  admit  of  a 
more  easy  discharge.  Sometimes  the  discharge  is  made  from 
one,  and  sometimes  from  both  sides.  It  would  seem  that  the 
delivery  would  be  greater  with  a  double  than  with  a  single 
discharge,  but  the  authorities  are  not  agreed  as  to  whether 
the  single  or  double  discharge  is  the  more  advantageous.  The 
width  at  the  bottom  to  which  the  die  is  set  is  about  11  in., 
and  the  whole  mortar  is  52  in.  on  the  outside.  In  wet  crushing, 
Figs.  72  and  73,  the  two  mortal's  differ  considerably,  though  they 
are  in  many  respects  alike.  The  height  of  both  is  4  ft.  4  in.,  the 
bottom  is  3  in.  to  G  in.  thick,  and  in  most  cases  even  thicker. 
The  sides  are  from  14  in.  to  1}  in.  thick.  The  flange  at  the 
bottom  for  fastening  it  to  the  mortar  block  is  24  in.  thick  and 
4  in.  wide.  The  gold  mortar,  Fig.  72,  is  of  greater  capacity  than 
the  others,  and  is  adapted  to  receive,  besides  the  ordinary  lining, 
a  complete  lining  of  copper  plates.  It  is  necessary  to  have  the 
most  convenient  arrangement  possible  for  placing  and  removing 
these  plates,  and  for  securely  fastening  them  to  their  position ; 
as  the  removing  and  cleaning  them  is  the  most  important  work 
about  the  mill,  and  requires  frequent  stoppages,  which  should  not 
be  longer  than  can  possibly  be  avoided.  At  the  lower  part  of  the 
discharge  screen  a  step  k  is  arranged  for  a  copper  plate,  for  it  is 
at  this  point  more  than  at  any  other  that  the  coarse  gold  settles 
and  should  be  caught  before  it  has  been  either  ground  up  or 
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stamped  into  float  leaf.  In  order  to  prevent  the  too  rapid  wear 
of  the  sides  at  the  bottom  from  the  constant  splash  of  the  pulp,  a 
lining  of  hard  cast-iron  plates  about  1  in.  thick  and  24  in.  high, 
is  placed  around  the  bottom  and  bevelled  at  the  ends  so 
as  to  fit  tightly  against  each  other  where  they  meet.  They  are 
held  on  the  bottom  by  the  footplate  of  the  die,  and  so  secured 
do  not  need  any  other  fastening.  They  last  from  three  to  six 
months,  depending  on  the  kind  of  rock  stamped.  The  feed  slot 
b  is  on  one  side  a  little  below  the  top  of  the  mortar.  The  side  here 
generally  turns  over  and  forms  a  catch  against  the  splash  which 
might  throw  some  of  the  pulp  out  of  the  mortar.  A  sort  of 
pocket  is  thus  formed  between  the  feed  slot  and  the  side  which 
is  always  kept  full  of  ore.  The  feed  lining  extends  down  into 
the  battery  beyond  the  main  wall.  Between  it  and  the  mortar 
wall  there  is  an  opening  from  3  in.  to  4  in.  wide,  so  as  to  restrict 
the  size  of  the  rock,  through  which  the  ore  is  discharged  upon 
the  die  and  under  the  shoe.  As  the  discharge  is  double,  and  from 
12  in.  to  18  in.  high,  a  slot  shown  in  section,  Fig.  74,  is  placed  at 
e  to  receive  the  screen  frames,  which  are  fastened  to  their  places 
by  iron  wedges  /.  These  are  so  made  that  they  can  easily  be 
removed  to  replace  a  broken  screen.  The  splash-box,  which  is 
made  of  wood  or  of  cast  iron,  and  has  three  or  more  spouts  to 
distribute  the  ore  over  the  blankets  or  amalgamated  plates,  is 
bolted  to  the  mortar.  The  top  of  the  mortar  a  is  covered  over 
by  two  3  in.  planks  held  in  place  by  bolts.  They  join  in  the 
centre,  and  have  holes  cut  for  the  passage  of  the  stem. 

The  wet  mortar  for  silver,  Fig.  73,  does  not  differ  essentially 
from  that  for  gold.  As  it  does  not  receive  the  copper  plates,  it 
is  a  little  less  voluminous.  The  die  seat  C  is  generally  higher, 
as  it  is  not  planed  off  at  kf  and  the  pulp  discharge  2  in.  to  3  in. 
above  the  top  of  the*die.  As  the  principal  object  is  to  discharge 
the  pulp  as  soon  as  possible,  the  discharge  screens  are  brought 
nearer  to  the  middle  line  of  the  stamp,  and  have  their  entire 
surfaces  available. 


The  mortal*  being  in  place,  the  dies  are  put  into  it,  and  as  the 
die-foot  is  bevelled,  it  simply  requires  to  be  driven  into  the 
bottom  of  the  mortar.  The  die,  Fig.  75,  is  made  of  hard,  tough 
cast  iron,  and  consists  of  two  parts,  the  footplate  a  and  the  die 
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proper,  or  boss  b.  The  footplate  is  square  with  the  corners  cut 
ofi.  It  is  usually  1J  in.  to  2  in.  thick,  and  from  10  in.  to  12  in. 
Fos  75.  square.  At  the  Lincoln  and  Stanford  Mills  it  is  11 J  in. 
by  9|  in.  The  die  proper  is  cylindrical,  and  is  from 
3  in.  to  5  J  in.  high,  and  from  8  in.  to  10  in.  in  diameter. 
It  is  chilled  down  to  the  footplate,  and  is  replaced 
when  it  is  worn  down  to  that  point.  The  footplate 
is  made  square,  so  as  to  fit  the  recess  made  for  it  in  the 
mortar;  if  it  were  made  round, the  bottom  of  the  mortar 
would  not  wear  evenly,  and  might  be  worn  through  in  places 
while  it  was  still  good  in  others.  When  it  is  square,  it  fills  the 
bottom  of  the  mortar,  and  furnishes  the  open  spaces  at  the  corners 
by  which  to  pry  it  out  when  it  is  worn  down.  In  order  to  pre¬ 
vent  the  wear  of  the  bottom  of  the  mortar,  2  in.  to  3  in.  of  sand 
is  sometimes  put  in  the  die  seat  as  a  bed  for  the  dies  to  rest  on. 
A  great  deal  of  difficulty  has  been  found  in  keeping  the  dies  in 
their  places  in  dry  crushing ;  there  is  no  difficulty  in  wet  crush¬ 
ing.  For  dry  crushing  the  bottom  of  the  mortar  is  sometimes 
filled  with  lead,  which  works  very  well. 

In  Lake  Superior,  and  generally  where  Cornishmen  are  in 
charge,  it  is  the  custom  to  fill  the  wrhole  mortar  writh  a  single  die, 
which  is  turned  over  when  it  commences  to  wear  unevenly.  This 
can  only  be  done  when  rectangular  shoes  and  dies  are  used,  but 
the  iron  never  wears  evenly  unless  the  stamp  is  a  very  light  one. 
The  die  is  also  apt  to  break  before  it  is  worn  out,  and  no  such 
practice  is  usual  in  California. 

The  cam-shaft  writh  its  cams  is  now  put  in  place.  The  places 
for  the  journals  of  the  shaft  are  cut  in  the  battery  posts  at  H, 
Figs.  62,  and  67  to  69.  The  cam-shaft  is  of  wrought  iron. 
When  used  in  a  battery  of  five  stamps  it  is  generally  4|  in. 
to  5  in.  in  diameter,  and  wThen  used  for  a  battery  of  ten  stamps 
at  least  5  in.  The  tendency  is  rather  to  increase  than  to  diminish 
these  dimensions.  The  shaft  for  twTo  batteries  is  14  ft.  8  in.  long. 
It  is  carefully  turned  true  in  a  lathe,  and  has  generally  two  key 
seats  r,  Fig.  76, 1  in.  by  3^  in.,  cut  in  at  right  angles  to  each  other, 
to  insure  that  the  cam  shall  be  normal  to  the  shaft.  It  is  fitted 
with  a  pair  of  cast-iron  pulley  flanges,  £  in.  at  the  outer  rim,  and 
1 J  in.  at  the  hub,  which  are  faced  in  a  lathe.  Each  one  is  fitted 
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to  the  shaft  by  a  steel  key.  The  bolt  holes  for  fastening  the 
pulley  are  counterbored,  so  that  the  bolt-heads  will  be  flush  with 
the  face.  The  bolts  are  in.  in  diameter.  The  shaft  is  also  fitted 
with  two  sets  of  collars. 

The  centre  of  the  cam-shaft  is  5  in.  to  10  in.  from  the  centre 
of  the  stem,  and  9  ft.  to  10  ft.  from  the  mortar  bed.  The  bear¬ 
ings  rest  on  supports  attached  to  the  frame  posts,  on  the  dis¬ 
charge  side  of  the  battery.  In  wet  crushing  they  are  sometimes 
protected  with  Babbitt  metal,  but  none  can  be  used  in  these 
shaft  boxes,  in  dry  crushing,  on  account  of  the  dust,  as  it  cannot 
be  kept  smooth  ;  it  is  therefore  run  in  smooth  iron  boxes.  It  was 
formerly  the  practice  to  have  a  single  cam-shaft  to  drive  all  the 
batteries  of  a  mill,  but  it  is  now  generally  considered  better  to 
multiply  the  shafts,  so  that  a  pair  of  batteries,  or  each  batter}*  of 
five  stamps,  has  its  own.  Each  battery  or  pair  of  batteries  will 
in  this  way  have  its  own  driving  wheel.  By  this  disposition, 
when  one  battery  is  out  of  order,  the  whole  mill  is  not  obliged 
to  stop. 

The  cams,  Fig.  76,  are  made  of  the  best  cast  iron,  and  are 
T-shaped.  They  are  2  in.  to  3  in.  wide  on  the  working  face. 


Fig.  76. 


and  2  in.  thick.  In  order  to  prevent  too  rapid  wear,  the  face  is 
chilled. 

The  rib  is  1^  in.  at  the  toe,  increasing  gradually  until  it  is  in. 
at  the  hub.  The  hub  is  always  strengthened  by  a  band  of  the  best 
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wrought  iron,  j  in.  thick,  and  2}  in.  wide,  which  in  shrunk  upon 
it.  Single,  double,  and  triple  cams  on  the  same  shaft  have  been 
used ;  the  usual  form  is  a  double  cam,  which  is  preferred,  since 
it  gives  two  drops  of  the  stamps  for  overy  revolution  of  the 
shaft;  it  saves  triction,  and  allows  tho  battery  to  be  run  at 
a  high  velocity  without  increasing  tho  speed  of  tho  engine. 
I  hive  cams  have  not  been  found  to  work  well,  since  they  decrease 
the  height  of  tho  fall  of  tho  stamp.  Tho  double  cams  were 
formerly  cast  in  two  pieces,  and  were  screwed  together,  as  it 
was  supposed  that  this  would  facilitate  tho  replacement  of  those 
which  wore  worn  out  or  broken.  This  was  found,  howevor, 
to  bo  no  great  advantage,  as  they  wore  always  getting  loose. 
1  hey  are  now  cast  doublo  in  a  single  piece,  being  diametrically 
opposite  on  the  same  hub,  which  is  always  strengthened.  The 
European  plan  of  having  a  large  number  of  cams  on  a  long 
cylinder  has  been  entirely  abandoned.  Tho  hub  projects  beyond 
tho  edge  and  is  always  placed  on  the  sido  away  from  the  stem,  so 
that  the  cam  and  the  cam-shaft  are  as  closo  as  possible  to  the 
stem. 

A  cam  curve  is  an  involute  of  a  circle,  slightly  modified  at  the 
end,  as  is  shown  in  A,  Fig.  70,  tho  radius  of  which  is  equal  to 
tho  distance  from  the  centre  of  the  cam-shaft  to  the  centre  of 
the  stem.  As  the  point  of  contact  between  tho  cam  and  tappet 
must  always  be  on  tho  line  of  the  centre  of  tho  stem,  an  involute 
is  tho  curve  which  will  produce  this  result.  The  curve  is  usually 
described  by  cutting  out  a  circle  of  a  thin  board  o  i, 
having  this  radius.  At  a  point  on  tho  circumference  at  t,  a 
string  is  attached,  the  longth  of  which  is  determined  by  tho  lift 
which  it  has  been  decided  the  stamp  should  have ;  and  to  the 
other  end  a  pencil  point  is  attached.  Tho  circle  with  the  thread 
wound  on  its  circumference  is  laid  upon  a  smooth  board,  and  the 
string,  being  kept  tight,  is  unwound,  commencing  at  vt  until  it 
forms  a  tangent  to  tho  circle  at  the  point  where  the  other  end  is 
fixed.  The  dotted  lines  give  tho  position  of  this  curve  at  every 
point.  This  gives  the  curve,  which  is  a  complete  involute.  It  is 
always  modified  at  ono,  and  generally  at  both  ends,  so  as  to  stop 
the  upward  motion  gradually,  and  to  allow  the  cam  to  act  on  tho 
tappet  at  tho  least  possible  distance  from  tho  cam-shaft.  To 
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effect  this,  a  point  is  taken  4  in.  from  the  toe  of  the  cam, 
and  a  circle  is  struck  from  the  centre  of  the  cam-shaft,  thus 
reducing  the  lift  of  the  cam  ;  or  by  taking  some  point  s  on  the 
tangent  i  h,  and  with  a  radius  s  i,  striking  an  arc  of  a  circle. 
This  modifies  the  last  4  in.  of  the  curve,  dropping  it  j  in.,  and,  by 
allowing  the  least  possible  concussion  on  the  tappet,  diminishes 
the  wear  of  the  toe  of  the  cam  as  the  stamp  falls.  This  form 
of  cam  admits  of  its  receiving  the  weight  of  the  stamp  as  near  as 
possible  to  the  centre  of  the  cam-shaft,  when  the  lifting  motion 
is  slow,  and  when  the  concussion  is  reduced  to  a  minimum.  The 
change  in  the  curve  at  the  toe  prevents  its  too  rapid  motion  on 
the  face  of  the  tappet.  As  the  curve  of  the  cam  is  determined 
by  the  distance  between  the  centres  of  the  stem  and  cam¬ 
shaft,  this  distance  must  be  carefully  adhered  to  in  setting 
up  the  stamp.  To  get  the  position  of  a  double-toed  cam  on 
the  shaft  its  semi-circumference  is  divided  into  ten,  and  for  a 
single-toed  cam  the  whole  circumference  is  so  divided.  When 
the  distance  between  the  centres  is  oh  in.,  the  drop  will  be 
10  in.,  and  it  will  be  possible  to  make  eighty-five  drops  per 
minute.  \\  hen  ninety  drops  are  required  with  the  same  cam,  the 
fall  will  be  8  in.,  and  whenever  higher  speed  is  to  be  attained 
the  drop  is  correspondingly  reduced.  When  a  very  high  ve¬ 
locity  is  required,  a  single- toed  cam  is  preferred,  the  involute 
lunning  two-thirds  of  the  circle  of  revolution.  The  drop  or 
lift  varies  generally  between  8  in.  and  11  in. ;  it  is  determined 
necessarily  by  the  length  of  the  cam.  It  is  usually  about 

10  in.,  and  the  length  of  the  cam  corresponding  to  this  drop  is 
21£  in. 

As  all  parts  of  the  cam  are  round,  the  upward  motion  of 
the  cam  tends  to  turn  it  by  its  friction  against  the  tappet,  so  that 
the  same  face  ill  not  strike  the  place  where  the  ore  is  in  the 
mortal  in  exactly  the  same  way  twice  in  succession.  The  result 
will  be  that,  unlike  the  Cornish  stamp,  both  shoes  and  dies  will 
be  uniformly  worn,  as  there  is  a  constant  rotating  motion  on  the 
.  ie*  The  expcrience,  however,  of  the  Quincy  and  Central  Mine 
ake  Superior  has  shown  that  the  importance  of  this  has  been 
somewhat  overestimated.  There  they  prefer  these  rectangular 
shoes,  dies,  and  stems,  and  assert  that  the  result  of  their  ex- 
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perience  is  in  favour  of  the  shape  of  the  old  Cornish  stamp.  The 
experience,  however,  on  Lake  Superior  with  the  California  stamp 
is  very  limited. 

When  the  cam-shafts  and  cams  are  in  position,  the  stamp 
proper  is  ready  to  be  set  up.  This  consists  of  the  stem,  the  tappet, 
the  head  or  boss,  and  the  shoe.  The  stem  is  made  of  wrought  iron 
carefully  turned  in  a  lathe  throughout  its  whole  length.  It 
varies  from  2J  in.  to  3J  in.  in  diameter.  It  is  12  ft.  to  15  ft.  long, 
and  at  each  end  is  turned  tapering  for  a  distance  of  6  in.  to  8  in., 
at  the  rate  of  1  in.  in  20  in.,  so  as  to  fit  into  a  tapering  hole  in  the 
boss  or  head.  As  it  is  liable  to  break  at  this  point,  both  ends  are 
turned  off,  so  that  when  broken  at  one  end  the  other  can  be  used 
before  it  is  repaired.  It  weighs  from  300  lb.  to  450  lb.,  and  is  by 
far  the  heaviest  part  of  the  stamp.  There  is  a  decided  advantage 
in  thus  putting  a  very  considerable  portion  of  the  weight  in  the 
stem.  Those  of  small  diameter  are  liable  to  spring  and  bend 
from  the  blow  of  the  cam,  and  to  wear  both  the  guides  and  cam 
rapidly ;  and  if  left  too  long  a  time,  one  stamp  might  work 
against  the  other.  They  are  set  in  the  guide  boxes  about  8J  in. 
apart. 

A  Table  below  gives  the  dimensions  of  the  stems  in  some  of  the 
most  prominent  mills  of  California  and  Nevada. 


— 

Douglass  Mill, 
Dayton  Canon. 

Consolidated  Vir¬ 
ginia  Mill. 

r 

Lincoln  Mill. 

Brunswick  Mill. 

Electric  Mill. 

Eureka  Mill. 

Length  . 

124  ft. 

13  ft. 

13  ft.  | 

15  ft. 

ii§  ft. 

14  ft. 

Diameter 

2 1  in. 

3|  in. 

3£  in. 

3$  in. 

3  in. 

34  in. 

Weight  . 

200  lb. 

320  lb. 

3201b. 

375  lb. 

258  lb. 

450  1b. 

The  tappet,  Figs.  77  and  78,  Is  a  hollow  cast-iron  piece,  almost 
cylindrical,  weighing  from  80  lb.  to  125  lb.  It  is  bored  out  to 
fit  the  stem  and  is  8  in.  to  9  in.  in  diameter,  and  8  in.  to  12  in.  in 
height.  It  forms  on  the  stem  a  projection  about  24  in.  wide,  upon 
which  the  cam  catches  and  lifts  the  stamp.  There  are  a  number 
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of  forms,  but  the  one  almost  universally  used  is  the  gib  tappet. 
Fig.  77.  It  is  cast  with  a  rectangular  recess  on  the  inside  of  the 
central  hole.  Into  this  a  piece  of  wrought  iron,  c,  7  in.  to 
8  in.  long,  2  in.  to  2i  in.  wide,  and  \  in.  thick  in  the  thinnest  part, 


called  a  gib,  flat  on  one  side,  but  with  the  same  curvature  as  the 
stem  on  the  other,  is  fitted.  Behind  this  gib  are  two  slots  d ,  at 
right  angles  to  the  tappet,  which  pass  entirely  through  it,  and 
receive  the  steel  keys,  which  are  |  in.  by  1  in.,  and  16  in.  long, 
and  which,  when  driven  home,  fasten  it  securely  against  the 
stem.  It  is  first  bored  out  in  the  centre,  then  moved  in  the  lathe 
i  in.,  and  rebored.  This  gives  three  hearing  points,  and  allows 
the  tappet  to  move  easily  on  the  stem.  It  is  made  symmetrical 
on  both  ends,  so  as  to  admit  of  being  turned  round  when  one  end 
is  worn  oflf  by  the  cam.  As  all  parts  arc  liable  to  wear  except  a 
small  annular  space  f  near  the  stem,  this  part  is  counterbored 
from  $  in.  to  \  in.  wide,  and  deep  on  both  ends,  so  that  the  edge 
of  the  cam  will  not  be  worn  otif  by  any  projecting  part  of  the 
tappet.  Formerly  the  tappets  were  screwed  on  to  the  stem  in 
order  to  admit  of  easily  changing  the  position.  This  necessitated 
a  screw  thread  on  the  stem,  and  having  a  key  slot  cut  into  it  to 
admit  of  securely  fastening  the  tappet  to  its  place.  This  method 
is  now  used  only  in  very  old  mills,  and  is  giving  place  to  the  gib 
tappet,  lig.  77,  which  is  much  more  easily  adjusted,  and  not 
likely  to  get  out  of  order.  W  hen  its  position  must  be  changed  it 
is  only  necessary  to  drive  out  the  wedges.  At  the  Douglass  Mill, 
the  tappet  is  made  of  two  pieces  of  cast  iron,  Fig.  78,  with  flanges  e, 
so  as  to  be  fastened  together  by  bolts,  and  secured  to  the  stem 
b>  tightening  the  nuts.  It  has  worked  for  some  time  very  well, 
and  is  a  very  simple  construction,  but  is  more  likely  to  get  loose 
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to  add  steel.  The  stroke  of  t,  T  ’  ^  “°  ^"P1  is  *»ad« 
ine  stroke  of  the  cam  turns  the  tappet  round  •  it 

“« -  0.  r„vZi' : 

r^h  other  K T  a  T  a  miU  theSe  Uppeb>  run  within  * 

iilg  i!  l  ev  r  1  ’  ' 01'  S0CkCt’  “ *  is  sometiuies  called. 

7  *  a  Cylmder  of  touSh  cast  iron,  from  8  ia  to  10  in  in 
•  ^79'  —  diameter,  and  15  in.  to  20  in.  high  ;  around 
each  end  a  hand  of  wrought  iron  g,  1  ip. 
to  1  in.  thick,  and  1|  in.  to  2  ia  wide, 
is  shrunk  to  prevent  it  from  being  broken 
by  the  stem  or  shoe.  It  has  in  both 
ends  conical  openings  «  and  c  to  receive 
the  stem  and  the  shoe.  The  socket  for 
the  stem  a  is  about  7  in.  deep ;  on  the 
under  side  a  smaller  socket  c,  6  in.  to 
7  in.  deep,  is  made  for  the  shank  of  the  shoe.  From  its 
centre  two  openings  /  and  «,  at  right  angles  to  each  other, 
about  2J  in.  by  11  in.,  are  made,  each  a  little  below  the  bottom 
of  the  stem  or  shoe  socket,  so  as  to  admit  of  driving  out  the 
stem  or  the  shoe  with  a  steel  key  when  it  is  necessary  to 

do  so.  Tlie  head  lasts  a  very  long  time,  being  rarely  ever 

ruptured.  The  shoe,  Fig.  80,  is  made  either  of  very  tough 
cast  iron  chilled  on  the  working  face,  or  of  steel.  It 
is  composed  of  two  parts,  the  shank  a,  which  fits  into 
the  boss,  and  the  shoe  proper  or  butt  b.  They  are 
generally  both  of  the  same  length,  but  of  different  dia¬ 
meters.  The  butt  is  8  in.  to  12  in.  in  diameter,  and  5  in. 
to  6  in.  long,  and  made  of  cast  iron.  It  is  usually  chilled 
to  within  J  in.  of  the  shank.  The  shank  is  tapering, 
and  its  diameter  next  the  butt  is  half  that  of  the 
shoe  proper.  Its  taper  is  f  in.  in  6  in.  The  shoes  weigh  from 

90  lb.  to  160  lb.  when  new,  and  when  worn  out  from  45  lb.  to 

60  lb.  They  are  renewed  when  the  butt  is  worn  down  to  1  in.  in 
length.  They  should  not  be  allowed  to  wear  thinner  than  this, 

&s  the  boss  would  be  likely  to  be  injured.  They  are  about  1  in. 
apart  in  the  mortar. 


Fig.  80. 
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The  Table  below  gives  the  dimensions  of  different  parts  of  the 
stamp  in  several  mills. 


Brunswick. 

Douglass. 

Consolidated. 

Height. 

Diam. 

Height. 

Diam. 

Height. 

Diam. 

Shoe 

10  in. 

9  in. 

9  in. 

8  in. 

7  in. 

8  in. 

Boss 

18  „ 

8  „ 

18  „ 

8  „ 

16  „ 

8  „ 

Stem 

15  ft. 

3J„ 

12*  ft. 

25  „ 

13  ft. 

3i„ 

Tappet  . 

9  „ 

1  „ 

8  „ 

10  „ 

7|„ 

Lincoln. 

Electric. 

Height . 

Diam. 

Height. 

Diam. 

Shoe . 

7  in. 

8£  in. 

8  in. 

8}  in. 

Boss . 

18  ,, 

8$  „ 

16  „ 

8J„ 

Stem . 

13  It. 

3ft  „ 

Ilf  ft. 

3  „ 

Tappet  . 

10  in. 

SI., 

8k  in. 

7|„ 

Die . 

5$„ 

8*  „ 

6  „ 

8$  „ 

Below  is  given  the  weight  of  different  parts  of  the  stamp  at 
different  mills. 


— 

Electric  Mill. 

Douglass  Mill, 
Dayton  Caiion. 

Consolidated  Vir¬ 
ginia  Mill. 

Keystone  Mill. 

Lincoln  Mill. 

Stanford  Mill. 

Brunswick  Mill. 

\  Eureka  Mill. 

» 

Weight  of  stem 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

258 

290 

320 

350 

320 

286 

375 

450 

„  tappet 

83 

120 

95 

100 

93 

114 

125 

120 

i)  head  . 

189 

175 

175 

200 

230 

280 

200 

220 

,,  shoe 

123 

115 

110 

100 

119 

120 

125 

160 

Total  weight  of  stamp 

G53 

700 

700 

750 

762 

800 

825 

950 

Weight  of  die  . 

100 

113 

99 

... 

120 

The  following  Table  gives  the  limits  of  the  dimensions  of  the 
different  parts  of  the  stamp  : 


Stamp  Mill. 
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Length. 

Diameter. 

Q,  it.  ft. 

btem . 12  to  15 

in.  in. 

Tappet . 8  „  12 

Bos» . 15  „  20 

Shoo  j®ut\  •  •  •  •  5  ..  « 

Dio  {Footplate  !  ij”  t 

in.  in. 

2}  to  3 i 

n  „  n 

8  „  10 

8  „  12 

4  „  0 

8  „  12 

10  „  14  sq. 

ARRANGEMENT  OF  STAMP  STEMS. 
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Stamp  Mill. 

The  stamp  stems  are  guided  in  boxes  L,  Fig.  81,  bolted  to  the 
wooden  supports,  which  run  the  whole  length  of  the  bat¬ 
tery,  and  are  fastened  to  the  upright,  and  serve  both  as  guides 
and  as  cross-timbers  to  strengthen  the  battery  frame  to  which 
they  are  bolted.  There  are  two  of  these  guides  K ;  the  upper 
one  is  very  near  the  upper  end  of  the  battery  post,  from  1  ft. 
to  18  in.  below  the  top,  and  the  lower  one  as  low  as  the  raising 
of  the  stamp-head  will  admit,  which  will  be  about  1  ft.  above  the 
mortar.  This  makes  the  two  guides  G  ft.  or  7  ft.  apart.  The 
upper  ones  are  made  of  timber,  1-1  in.  by  12  in.,  and  28  ft. 
long,  dressed  to  131  in.  by  111  in.;  the  lower  ones  14  in.  by 
18  in.  and  28  ft.  long,  dressed  to  13J  in.  by  171  in.  They  are 
fitted  and  bolted  to  the  battery  posts  by  1-in.  bolts,  and  keyed. 
For  the  stems  oak  guide  boards  L,  Fig.  81,  are  made.  They  are 
fitted  w ith  w  ooden  keys  to  hold  them  half  an  inch  apart ;  and 
are  secured  to  the  guide  timbers  by  j-in.  collar  bolts  with  jam 
nuts  on  the  fiont  end.  The  object  of  the  screw  is  to  admit  of 
adjustment  when  the  boxes  wear.  The  stems  are  fitted  as  closely 
possible  to  the  guides,  but  when  they  are  light  the  stroke  of 
t  k  cam  bends  them,  so  that  the  guide  boxes  are  worn  as  they 
1  liei  e  is  no  wear  in  falling  if  the  stem  has  elasticity1  enough 
not  to  become  bent.  IN  ith  heavy  stems  the  wear  is  exceedingly 
ig  it,  and  amounts  to  nothing.  In  some  of  the  best  recently  con- 
uctul  mills  the  guide  boards  have  a  square  instead  of  an 
■  bolt  cut  into  them.  Into  these  grooved  wooden  keys  are 
iv  <  n,  so  that  the  grain  of  the  wood  is  parallel  to  the  axis  of 
16  st<-m  mstead  of  at  right  angles  to  it.  With  this  method  the 
'?  °  _oalds  ale  never  worn  and  the  keys,  when  necessary,  can 

Pace  in  a  veiy  few  minutes.  Iron  guide  boxes  are  some- 
nnes  tted  to  the  guides  with  or  without  a  Babbitt  metal 
unng.  At  the  Eureka  Mill  the  Babbitt  metal  is  used  in  the  iron 
box;  at  the  Douglass  Mill  the  iron  box  alone  is  used;  but  most 
O  no  use  either  the  one  or  the  other,  but  allow  the  stem 
to  run  m  the  wooden  box,  which  is  lubricated  with  tallow.  It 
W  been  found  that  the  dirt  of  the  mill  becomes  attached  to  the 

boxes’l  riS  416  St<im  S°  raI)idly  ^at  both  kinds  of  metal 
oxes  have  been  given  up.  Oak  is  generally  used  for  these  guide 

JKSrisi1-8  butwh- ~ 
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Stamp  Mill. 

Each  stamp  is  provided  with  a  series  of  fingers  or  jacks  M 
Fig.  81,  which  are  made  either  of  wrought  iron  or  hard  wood 
protected  with  iron.  When  made  of  wood,  as  they  generally  are, 
the  bottom  is  fitted  with  an  iron  strap,  which  is  the  shape  of  the 
shaft,  and  is  bolted  on  with  J-in.  bolts.  The  top  is  fitted  with 
strap  iron  J  in.  thick  and  3  in.  wide,  which  is  fastened  by  four 
heavy  screws.  These  are  hinged  upon  an  iron  shaft  P,  3  in. 
in  diameter,  and  63  in.  long,  which  is  attached  to  fittings  on 
the  inside  of  the  battery  post.  In  the  middle  of  their  length  is 
fastened  a  leather  strap  or  wrought-iron  handle  N,  made  of°  J-in. 
round  iron,  for  greater  ease  in  manipulating  them.  When  it  is 
desirable  to  hang  up  a  whole  battery,  or  a  single  stamp,  the  cam 
is  allowed  to  act  until  it  is  at  its  highest  point,  the  finger  is  then 
slipped  underneath  it.  The  whole  stamp  is  then  supported  on 
the  finger,  and  the  cam  revolves  clear  of  the  tappet.  By  this 
method  any  one  stamp,  or  all  the  stamps  of  any  battery,  may  be 
hung  up  for  repairs,  without  the  necessity  of  the  stoppage  of  any 
one  of  the  batteries.  This  is  especially  convenient  when  two 
batteries  have  a  single  shaft,  or  when  any  accident  has  happened 
which  makes  it  desirable  to  hang  up  an}’  part  of  the  batter}' 
without  stopping  the  rest.  A  few  inches  above  the  level  of  the 
finger  shaft,  on  the  feed  side  of  the  battery,  a  platform  is  arranged 
to  give  easy  access  to  the  tappets,  pulleys,  and  belting,  and  to 
facilitate  the  repairing  of  the  batter}*. 

To  set  up  the  stamps  the  stems  are  placed  in  the  guide  boxes, 
and  the  tappets  placed  on  them,  and  fixed  in  any  position.  The 
stem  is  then  hung  up  on  the  battery  fingers.  The  shoe  is  driven 
into  the  boss  by  a  sledge  and  placed  on  the  die,  and  the  stem 
is  dropped  into  it,  or  better,  the  boss  is  placed  on  the  die,  and  the 
stem  dropped  into  it,  and  this  raised  and  dropped  on  to  the  shoe* 
If  the  fit  is  a  good  one,  iron  is  left  against  iron  ;  but  if  not,  pieces 
of  canvas  about  2  in.  wide  are  dropped  into  the  boss  socket,  and 
the  stem  dropped  against  them.  The  outside  of  the  stem  of  the 
shoe  is  covered  with  strips  of  wood  a,  Fig.  80,  from  J  in.  to  J  in. 
thick  and  1  in.  wide,  which  are  fastened  by  a  string,  and  the  boss 
is  dropped  on  it.  In  wet  crushing,  these  wedges  swell  and  hold 
the  shoe  securely.  In  dry  crushing  it  is  apt  to  get  loose,  and  the 
stem  will  not  hold,  as  the  boss  becomes  heated,  and  the  shoes  drop 
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out,  so  that  the  wood  must  be  replaced  by  band  iron  \  in.  thick 
Leather  or  canvas  is  sometimes  used ;  these,  like  the  wood,  are 
tied  around  the  conical  part  with  a  string  and  the  boss  with 
the  stem  dropped  on  to  it.  It  is  thus  firmly  wedged  in  place. 
The  wood  compresses  to  \  in.  The  tappet  is  now  loosened  and  left 
hanging  on  the  fingers,  and  all  the  stamps  are  allowed  to  go  down 
on  to  the  shoe.  The  whole  stamp  is  now  raised,  by  a  block  of 
wood  inserted  between  the  shoe  and  the  die,  to  the  height  of  the 
fall.  I  lie  tappets  are  then  fastened,  the  blocks  withdrawn,  and 
the  battery  finds  itself  hung  on  the  fingers. 

The  screens  for  dry  crushing  are  made  of  brass  wire  cloth,  with 
from  30  to  100  holes  to  the  linear  inch,  or  from  900  to  10,000  to 
the  square  inch.  They  are  set  in  battery  frames,  so  as  to  be 
■easily  leplaced.  For  wet  crushing  Russia  sheet  iron  or  sheet  steel 
is  used,  which  weighs  about  1  lb.  to  the  square  foot,  and  is  about 
-3-7  in.  thick.  It  must  have  a  smooth  glossy  surface,  be  very  soft 
and  tough,  and  free  from  rust  or  flaws  of  any  kind  It  is  usually 
tested  by  hammering  up  some  concave  object  with  it.  If  it  stands 
this  test  it  is  safe  to  use  it.  The  holes  may  be  round,  or  they 
ma\  be  long  slots  arranged  parallel  or  inclined  to  each  other. 
The  size  is  regulated  by  the  numbers  of  sewing  machine  needles 
from  zero  to  10.  No.  8  is  *  in.  and  No.  5  about  *  in.  In 
round  holes  the  diameter  is  given  in  these  numbers;  in  slots  the 
wi  th  of  the  slot.  These  holes  for  silver  crushing  usually  vary 
rom  jV  in.  to  ^  in.  in  diameter.  The  usual  slot  for  a  gold  mill 
is  h  in.  long,  and  of  the  width  of  the  diameter  of  a  No.  6  sewing 
neei  e.  Thei  e  are  two  kinds  of  these  screens,  called  the  clean  and 
e  in  ented.  The  latter  is  rough  on  the  side  of  the  inner  edges, 
which  is  thus  slightly  smaller  than  the  other.  The  rough  side  Ls 
always  on  the  inside  of  the  mortar.  The  object  of  this  is,  that 
ic*  inside  vcais  so  that  the  slot  becomes  wider,  they  may 
be  beaten  together  with  a  mallet,  and  the  screen  be  made  to  last 

onger,  but  the  screens  are  apt  to  crack  and  break  before  this  is 

clone.  The  life  of  a  screen  will  thus  be  that  of  the  iron  of  which 

il  1  a"'  ^lele  consequently  does  not  seem  to  be  much 

advantage  of  the  clean  over  the  indented  slot.  There  is  the 

o  L  !"JSSI  vwiety  in  the  arrangement  of  the  slots. 

6  °f  theS°  are  shown  “  Kg-  82,  a  to  h  -  they  are  sometimes 
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made  vertical  and  parallel  to  each  other,  c,  sometimes  with  the 
end  of  one  opposite  the  middle  or  end  of  the  next,  a  and  6,  some¬ 
times  slanting,  d,  sometimes  with  two  at  right  angles  to  each 
other,  the  angle  being  placed  at  45  deg.  with  the  horizontal  h, 
and  sometimes  vertical  as  c.  Fig.  82.  There  does  not  seem  to 

Fig.  82. 
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be  any  special  advantage  in  the  methods  d  x  h.  The  holes  also 
are  rectangular,  a  to  c,  round,  e,  oval,/,  or  D-*shaped,  gf  the  advo¬ 
cates  of  each  claiming  some  peculiar  advantage  for  it. 

Formerly  in  all  dry  crushing  mills  screens  from  No.  60  to 
No.  80  were  used  under  the  idea  that  the  amalgamation  would 
be  improved  the  finer  the  ore  was  crushed.  It  has  been  proved 
however,  by  experiments  made  at  the  Ontario  Mill*  that  this  is 
not  the  case,  but  that  it  is  rather  an  advantage  to  crush  coarse. 
Exactly  what  the  size  will  be  depends  upon  the  ore,  and  must  be 
ascertained  in  every  case. 

The  difficulty  in  the  battery  is  not  to  crush  the  rock,  but  to  get 
rid  of  it  after  it  is  crushed,  as  the  crushing  power  is  greater  than 
that  of  the  discharge  ;  hence  the  great  number  and  variety  of  the 
screens.  It  would  seem  that  the  greatest  deliver}’  would  be  from 
some  kind  of  a  slot  which  is  either  vertical  or  horizontal,  but 
every  variety  has  its  advocates,  and  the  matter  has  not  as  }et 
seemed  of  sufficient  importance  for  any  one  to  make  conclusi\  e 
experiments  on  it.  There  is,  therefore,  a  great  diversity  of 
opinion  as  to  whether  holes,  slots,  or  wire  cloth  are  the  best. 
Slots  seem  to  be  preferred  as  better  suited  to  the  discharge  than 
meshes,  but  it  may  fairly  be  questioned  whether  what  is  gained 
in  rapidity  of  discharge  through  the  slot,  is  not  more  than  com¬ 
pensated  for  by  the  loss  of  discharge  area  from  the  v  ire  clot  1. 

*  “Mining  and  Engineering  Journal,  vol.xxxv.,  p.  34^- 
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The  screens  last  in  dry  crushing  from  three  to  four  weeks. 
The  middle  screen  lasts  longest.  The  dies  when  new  come  to 
within  about  1  in.  of  the  lowest  portion  of  the  discharge.  It  is 
desirable  to  make  this  interval,  which  is  called  the  height  of  issue, 
as  small  as  the  screen  will  bear.  It  was  found  at  the  Metacom 
Mill  that  after  the  dies  had  worn  away  H  in.,  the  introduction 
of  new  ones  raised  the  capacity  of  the  whole  battery  nearly  two 
tons.  A  five-stamp  wet  battery  requires  on  an  average  thirteen 
sets  of  screens  a  year.  A  set  consists  of  five  sheets  of  1  to 
1 1  square  feet. 

These  screens  are  securely  fastened  in  iron  frames  which  fit 
into  slots  prepared  for  them  in  the  mortar.  Formerly  they  were 
placed  vertically,  but  this  is  now  rarely  done.  It  was  found  that 
the  discharge  was  facilitated  by  placing  them  at  an  angle  which 
is  generally  determined  in  each  particular  case,  and  is  not  far 
from  10  deg.,  which  angle  has  been  found  to  be  the  best  for  dry 
crushing.  The  screen  should  be  as  high  as  possible. 

I\  hen  the  throat  of  the  battery  is  low,  or  when  it  is  open,  the 
effect  of  the  fall  of  the  stamp  will  be  to  throw  the  pulp  vertically 
as  well  as  horizontally,  and  some  of  it  may  be  thrown  back  on 
to  the  feeding  floor.  This  indicates  a  fact  that  is  often  overlooked 
in  the  construction  of  mortars ;  that  since  the  impulse  given  to 
the  pulp  by  the  stamp  is  radial  in  all  directions,  with  a  decided 
upward  movement  at  the  same  time,  the  greater  the  surface  of 
discharge,  the  greater  the  stamp  duty  will  be.  With  a  discharge 
18  in.  high  the  fine  pulp  comes  mostly  through  the  upper  6  in.  of 
the  screen,  and  in  batteries  lower  than  this  will  fall  back  into  the 
mortar,  and  remain  there  until  it  is  discharged  below.  In  order 
to  get  the  maximum  discharge  surface,  it  is  now  generally  the 
practice  to  use  a  double  discharge,  having  screens  both  in  front 
and  behind,  the  feeding  being  done  over  the  rear  screen.  To 
secure  the  maximum  discharge,  round  mortars,  in  which  the 
scieens  occupy  the  entire  circumference,  and  containing  only  a 
single  stamp,  have  been  proposed,  but  while  the  discharge  in  such 
a  mortal  is  a  maximum,  the  expense  for  construction  is  also  a 
maximum,  and  they  have  not  come  into  favour.  It  has  been 
proposed  to  place  screens  on  the  ends  of  the  mortar  as  well  as  the 
sides,  and  these  have  found  some  advocates,  but  arc  not  in  general 
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use.  Straight  screens  must  as  a  general  thing  be  used,  because 
it  is  exceedingly  difficult  to  fasten  a  curved  screen  into  the 
mortar  in  such  a  way  that  it  will  not  become  loose  and  break. 
In  dry  crushing  a  rear  screen  is  not  generally  used,  as  it  breaks 
readily  from  coarse  ore  being  thrown  against  it.  Single  and 
double  mortars  with  end  screens,  however,  have  their  advocates. 

In  wet  crushing  it  seems  generally  best  to  have  front  and  rear 
screens.  As  a  rule  the  stamps  will  crush  faster  than  the  material 
can  be  discharged  from  the  mortar.  It  was  found,  after  a  series 
of  experiments  made  at  the  Metacom  Mill,  that  the  pulp  put 
directly  back  into  the  mortar  took  about  as  long  to  go  through 
the  screens  as  fresh  rock,  and  the  same  has  been  found  to  be  true 
in  the  Ball  stamp.  This  is  more  especially  true  with  slow 
running  and  dry  crushing,  as  the  fine  dust  has  a  constant 
opportunity  to  fall  back  instead  of  passing  out.  An  exhaust 
fan  in  dry  crushing  is  used  to  assist  the  discharge  and  at 
the  same  time  to  draw  the  dust  away  from  the  wearing  paits  of 
the  mill.  The  material  discharged  through  the  screens  is,  when 
the  ore  is  rebellious,  carried  by  conveyers  at  once  to  the  supply 
bins  of  the  roasting  furnaces,  so  that  there  is  little  or  no  dust 
about  the  mill. 

The  screens  in  wet  crushing  are  keyed  into  the  mortar  with  iron 
keys,  so  that  they  may  be  easily  removed.  In  dry  crushing  they 
are  screwed  on  with  bolts ;  the  screws  are  completely  covered  by 
a  box,  to  which  various  devices  for  driving  out  and  carrying  away 
the  pulp,  such  as  endless1,  belts,  &c.,  are  attached.  In  wet-crush- 
ing  gold  mills,  the  splash-box  is  fastened  to  it  b}  means  of  bolts 
with  a  blanket  packing.  It  generally  has  three  spouts  or  open¬ 
ings  to  direct  the  discharge  on  to  blankets  or  amalgamated  p  atts 
in  different  directions.  In  wet-crushing  silver  mills  there  is  no 
splash-box,  properly  speaking;  the  discharge  is  protected  by  a 
wooden  box,  and  flows  into  a  trough,  which  carries  it  to  the 
settling  vats. 

In  Colorado  the  mills  supply  their  own  water.  In  Nevada,  in 
the  vicinity  of  Virginia  City,  the  water  is  purchased  from  the 
Virginia  and  Gold  Hill  Water  Company.  In  other  districts  the 
mills  supply  their  own  water,  the  Eureka  Mill  using  the  "hole 
supply  of  the  Carson  River  in  summer. 

VOL.  I.  N 
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In  Western  California,  near  the  hydraulic  mining  region,  the 
ditch  companies  supply  the  water;  remote  from  this  district,  the 
mills  supply  their  own.  The  water  consumed  in  Nevada  and 
California  is  200  to  300  cubic  feet  per  ton  of  rock  stamped,  or 
from  to  J  cubic  foot  per  stamp  per  minute.  This  includes, 
however,  all  the  water  used  in  the  mill,  including  the  pans,  which 
water  does  not  pass  through  the  batteries,  and  which  amounts  to 
perhaps  from  £  to  TV  cubic  foot  per  stamp  per  minute,  leaving 
about  i  cubic  foot,  as  used  in  the  batteries.  In  Colorado 
the  amount  is  28  cubic  feet  per  ton  of  rich  ore,  and  33  cubic 
feet  of  poor  ore.  The  cubic  foot  of  ore  will  average  from 
108  lb.  to  125  lb.  This  will  be  \  cubic  foot  per  stamp  per  minute, 
or  about  the  same  as  that  used  in  Nevada  and  California  In  the 
Brunswick  Mill  the  water  is  supplied  b}r  a  3-in.  pipe,  with  a  head 
of  2  ft.  The  water  when  purchased  is  measured  by  the  miner’s 
inch,  which  is  the  quantity  which  will  pass  through  an  orifice  in 
the  measuring  box  1  in.  square,  under  a  head  of  C  in.  The  aper- 
tuie  is  generally  2  in.  wide,  and  the  length  is  determined  by  the 
quantity  desired.  The  water  does  not  always  stand  G  in.  in  the 
measuring  box,  but  is  sometimes  9  in.  to  10  in.,  so  that  the  miner’s 
inch  is  not  fixed.  An  inch  of  water  is  by  common  consent,  accord¬ 
ing  to  Ross  Brown,  accepted  as  4032  cubic  inches,  or  145.8G  lb. 
per  minute,  3360  cubic  feet,  or  10,050  gallons  in  twenty-four 
hours,  and  1,226,400  cubic  feet,  or  30,410  tuns  of  40  cubic  feet 
each.  In  the  year  1867  an  effort  was  made  to  establish  a  miner  s 
inch  by  law,  and  it  was  proposed  that  it  should  consist  of  2J 
cubic  feet  ot  water,  or  7.4054  gallons  of  water,  or  145.86  lb.  of 
water  per  minute,  passing  through  a  given  orifice.  The  Legisla¬ 
ture  declined  to  pass  the  law,  on  the  ground  that  the  companies 
selling  water  had  the  right  to  agree  upon  their  measurement  and 
prices  of  water,  and  that  companies  had  already  been  organised 
on  a  different  plan. 

Ihe  water  is  supplied  to  the  stamps  by  horizontal  pipes  passing 
just  above  the  feed  slot  of  the  mortar,  with  openings  made  oppo¬ 
site  to  each  stamp,  which  can  be  closed  if  necessary ;  or  some¬ 
times  the  pipe  is  carried  higher  up,  and  vertical  pipes  are  con¬ 
ducted  from  the  horizontal  ones  with  valves  to  shut  the  water  off. 

*  See  Chapter  on  Hydraulic  Mining,  vol.  ii. 


Water  Supply. 


179 


The  conduit  pipe  is  usually  a  gas  pipe  about  o  in.  in  diameter, 
but  its  size  depends  upon  the  supply  which  is  necessary.  There 
is  also  a  supply  pipe  of  about  half  the  size  in  front,  to  help  carry 
off  the  pulp.  Arrangements  are  made  in  all  the  mills  to  heat  this 
battery  water  by  means  of  steam  in  the  winter,  when  steam 
power  is  used,  or  in  some  other  way  when  it  is  not. 

The  water  pipes  of  the  sluice  in  place,  the  battery  is  ready  to 
run.  When  the  stamps  are  new  the  first  material  run  through 
them  is  barren  rock,  to  scour  the  mortal*  and  get  the  batteries, 
shaft,  and  boxes  in  working  order.  During  this  time  the  sluices 
are  turned  into  the  mortar  block  trench  until  it  is  entirely  filled. 
The  jar  of  the  stamp  settles  the  sand,  the  water  helping  to  pack 
it  very  tight  The  excess  of  water  is  allowed  to  run  over  the  top 
of  the  trench,  or  is  pumped  out,  as  the  case  may  be ;  by  the  time 
that  this  is  done  the  battery  is  usually  ready  to  run. 

The  rock,  if  the  mine  belongs  to  the  mill,  is  brought  from  the 
mine  and  dumped  on  a  screen  to  separate  all  the  rock  ready  to 
go  to  the  stamps,  which  passes  at  once  into  the  feed-box ;  what 
does  not  pass  the  screen  is  delivered  directly  in  front  of  the  rock 
breaker,  which  is  almost  universally  Blake’s*  This  is  done  both 
to  avoid  giving  extra  work  to  the  crusher,  and  to  separate  pieces 
of  iron,  splinters  of  wood,  and  other  material  which  miQht  Oo 
into  the  battery  and  clog  the  screens.  In  all  custom  mills,  ore  is 
delivered  in  wagons,  sampled,  and  put  into  separate  bins  for 
treatment.  At  the  Eureka  Mill  the  ore  goes  over  two  screens 
made  of  H  in.  round  iron,  the  bars  set  2  in.  apart.  All  that 
will  not  pass  through  goes  to  the  Blake’s  crusher,  the  rest  to  the 
stamps.  One  man  at  the  crusher  and  one  at  the  screens  per  sin  t 
handle  185  tons  in  twenty-four  hours.  The  man  at  the  screens 

hauls  the  cars  and  dumps  them. 

It  is  generally  desirable  to  crush  line,  since  the  particles  of  go  < 
and  silver  must  be  separated  and  amalgamated  mostly  b}  gra\it\. 
It  is  also  desirable  to  set  the  jaws  of  the  crusher  near  together, 
so  as  to  decrease  the  quantity  of  work  which  the  stamp  has  to 
do.  A  Blake’s  crusher,  making  170  strokes  of  }  in.  pei  minute, 

*  This  crusher  was  first  introduced  in  Colorado  in  1804  and  lias  since  then 
been  almost  universally  used.  It  both  economises  the  work  an  increases 
the  possible  output  of  the  mills. 
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will  prepare  72  tons  of  rock,  and  will  run,  provided  it  is  properly 
fed,  a  30-stamp  mill  for  twenty-four  hours.  The  crusher  is  not 
usually  run  at  night  unless  the  supply  of  ore  is  short. 

As  the  stamps  at  the  end  of  a  mortar  are  liable  to  do  le-ss  work 
than  the  others,  it  would  seem  that  the  greater  the  number  there 
were  in  one  mortar,  the  greater  the  average  work  would  be. 
Experience,  however,  has  shown  that  six  are  too  many,  on  account 
of  the  necessity  of  increasing  the  strength  of  the  cam-shaft,  and 
preventing  its  springing,  and  that  four  are  too  few,  as  they  do 
not  do  a  sufficient  amount  of  work ;  so  that  most  of  the  modern 
batteries  are  constructed  with  five  stamps  running  in  one  mortar. 
The  order  of  drop  is  different  in  dry  and  wet  crushing,  and 
different  in  different  mills  of  each  kind.  There  are  evidently  two 
extremes,  which  are,  dropping  all  the  stamps  at  once,  which  would 
probably  break  the  screens,  strain  the  engines,  and  would  in  a  very 
short  time  rack  the  stamp  frame  to  pieces  ;  and  dropping  them  in 
serial  order  1,  2,  3,  4,  5,  which  would  drive  the  ore  to  one  end  of 


the  mortar,  and  make  the  stamps  there  do  nearly  all  the  work. 
The  orders  3,  4,  2,  1,  5-2,  4,  5, 3,  1-3,  5, 1,  4,  2-3,  4,  5,  2,  1,  are 
geneiallj  used  in  the  Nevada  and  California  mills;  the  last  one 
particularly  makes  a  wave  backward  and  forward,  and  keeps  the 
mortar  very  evenly  filled.  On  this  account  all  of  these  orders 
are  very  much  used.  In  other  mills,  however,  the  order  of  drop¬ 
ping  the  end  stamps  first  is  very  much  preferred,  which  would 
be  1,  5,  2,  4,  3,  which  is  the  drop  used  at  the  Eureka  Mill,  and  1, 
5,  4,  _,  3,  which  is  also  extensively  used,  and  seems  to  be  equally 
advantageous  with  the  other.  The  object  to  be  secured  in  all 
cases  is  to  ha\  e  an  equal  amount  of  ore  under  each  stamp,  so  that 
eac  i  one  shall  do  the  same  amount  of  work,  and  produce  an  equal 
c  iai&e  from  each  screen.  A  maximum  discharge  seems  to  be 
secured  by  allowing  the  middle  stamp  to  drop  first.  The 
maximum  amount  of  work  appears  to  be  done  by  allowing  the 
end  stamps  to  drop  first ;  hence  there  are  at  least  six  or  seven 
ways,  all  of  which  have  their  advocates,  which  seem  to  be,  so  far 
as  the  general  working  and  the  wear  and  tear  of  the  mill  are 
concerned,  about  equally  good.  In  all  crushing  the  objects  to  be 
secured  are,  first,  the  equal  distribution  of  the  ore  between  the  shoes 
and  .lies  so  as  to  give  an  equal  power  to  each  stamp  ;  and,  second, 
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a  maximum  discharge  of  pulp  from  the  screens.  This  maximum 
discharge  seems  best  to  be  obtained  by  dropping  No.  3  first,  as  it 
is  found  that  the  central  stamps  receive  and  deposit  nearly  all  the 
ore  ;  but  a  great  deal  depends  upon  the  judgment  of  the  feeder. 
On  this  account  the  automatic  self-feeders  which  are  being  intro¬ 
duced  every  year  more  and  more,  meet  with  determined”  resist¬ 
ance,  because  they  have,  up  to  this  time,  been  arranged  to  feed 
exactly  the  same  quantity,  and  make  no  difference  in  the  work 
for  different  parts  of  the  mortar  under  different  conditions.  The 
batteries  are  usually  fed  by  hand.  The  ore  is  received  into  a 
large  bin  or  pocket,  the  floor  of  which  is  made  in  such  a  way  that 
the  ore  will  run  easily  toward  the  stamp.  The  feeding  slot  of  the 
mortar  is  always  placed  behind,  and  a  space  of  G  ft.  to  12  ft.  left 
behind  the  stamps  for  the  feeders.  Their  duty  consists  in  keep¬ 
ing  the  shoes  off  the  dies,  and  having  a  certain  amount  of  ore, 
generally  about  2  in.,  always  in  the  battery  at  the  end  of  every 
stroke,  so  that  the  fall  of  the  stamp  will  always  be  the  same,  and 
not  of  variable  heights.  A  good  feeder  knows  by  the  feel  and 
sound  of  the  stroke  whether  the  stamp  is  being  properly  fed  or 
not ;  but  as  intelligence  is  a  thing  not  to  be  depended  upon,  the 
effort  is  being  made  now,  with  more  or  less  success,  to  replace 
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hand  feeding  by  automatic  feeding.  Automatic  feedei? 
been  used  with  more  or  less  success.  They  are  of  the 
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general  type,  and  consist  of  a  pocket  to  receive  the  ore  from  the 
shoots,  the  front  of  which  is  movable,  or  the  bottom  is  provided 
with  an  endless  belt,  which  is  forced  forward  when  the  ore  gets 
low.  Some  of  these  are  applicable  both  to  dry  and  wet  ore,  and 
some  to  dry  ore  only.  One  of  those  which  is  extensively  used, 
Figs.  88  and  84,  is  that  invented  by  C.  P.  Stanford  (who  is  said  to 
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be  also  the  inventor  of  the  California  stamp  mill),  which  consists 
of  a  hopper  a  with  an  adjustable  spout  b  at  its  end.  This  spout 
is  swung  on  trunnions  c,  and  is  attached  to  a  crossbar  d,  to 
™ kk*1  an  llln’ight  adjustable  rod  e  is  attached.  On  the  top  of  the 
stamp  stem  a  feeding  tappet  /  is  keyed.  A  lever  g,  rotating  on 
pivots,  is  attached  to  the  rod  e  so  as  to  be  struck  by  the  cam 
tappet.  This  lever  is  forked,  so  that  it  spans  the  stem.  When 
the  battery  is  lull  of  ore  the  tappet  does  not  come  down  far 
eno  *°  sriike  the  end  of  the  feeding  rod  ;  when  the  ore  gets 
lou  it  does  strike  it,  and  the  result  is  an  oscillating  motion  of 
tlu  spout  b  on  its  trunnions,  which  throws  the  ore  forward, 
ihe  quantity  of  ore  under  the  stamp  will,  therefore,  always  be 
the  same,  and  it  is  said  that  the  work  of  the  battery  is  increased 
one  fouith.  The  w  hole  machine  is  placed  on  wheels,  so  that  it 
can  readily  be  moved  to  one  side.  It  is  very  simple,  and  is  not 
in  tin  way  The  height  of  the  ore  in  the  batterv  can  always  he 
legulatt  d  by  this  feeder,  by  simply  adjusting  the  tappet  so  that 
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it  will  always  strike  at  the  same  position.  It  is  not  likely  to  get 
out  of  order,  and  it  Is  claimed  that  it  decreases  materially  the 
wear  of  the  shoes  and  dies,  since  it  is  impossible  that  they  should 
strike  the  one  upon  the  other. 

Another  machine  has  a  ch  um  divided  on  its  circumference  into 
semicircular  chambers.  The  shake  produced  by  the  stroke  of 
the  tappet  causes  this  drum  to  revolve,  and  ‘m  doing  so  each 
chamber  discharges  the  ore  contained  in  it  into  the  mortar. 
Another  class  of  machine,  invented  by  Cochran,  has  a  cam  held 
taut  by  a  spring,  which,  when  struck,  causes  the  bottom  of  the 
feeder,  which  is  an  endless  leather  belt,  to  advance,  throwing  the 
ore  into  the  batten*.  This  can  hardly  be  used  for  wet  ore, 
though  it  works  very  satisfactorily  for  dry.  All  of  these  feeders 
are  constructed  on  the  plan  of  shaking  the  ore  into  the  stamp 
hopper.  This  plan  answers  very  well  for  dry  ores,  but  sometimes 
does  not  give  satisfaction  when  they  are  wet.  For  this  class  of 
ores,  feeders  which  drop  the  ore  at  intervals  seem  to  answer  an 
excellent  purpose.  Intelligent  management  has,  however,  almost 
more  to  do  with  the  regular  feed  than  the  machine.  All  these 
feeders  have  been  in  use  in  the  Keystone  Mill,  and  gave  perfect 
satisfaction.  They  all  seem  to  answer  the  purpose,  though 
Stanford  s  seems  to  have  the  preference  on  account  of  its  extreme 
simplicity  and  ease  of  repair.  The  Eclipse  and  Hendy's  challenge 
feeders  are  also  much  used.  When  the  feeding  is  done  by  hand, 
as  at  the  Eureka  Mill,  one  man  is  sufficient  for  twenty  stamps  on 
an  eight-hour  shift. 

The  Keystone  Mill  has  40  stamps  in  8  batteries,  two  of  which 
are  served  by  Cochran’s  and  one  by  Stanford’s  feeder.  These 
feeders  and  one  man  feed  the  whole  batten*.  At  the  Brunswick 
^fill,  which  has  56  stamps,  one  man  is  required  at  the  crusher, 
one  to  draw  the  ore,  and  there  are  three  batten*  feeders  at  eight- 
hour  shifts. 

It  was  formerly  a  vexed  question  whether  it  was  best  to  have 
light  or  heavy  stamps,  and  whether  a  slow  or  quick  motion  was 
most  effective.  A  series  of  experiments  were  made  some  years 
ago  at  the  Metacom  Mill,  the  results  of  which  have  been  a 
change  in  the  weight  and  construction  of  the  stamps,  which  are 
&ow  made  much  heavier  than  they  formerly  were,  and  run  at  a 
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much  higher  velocity.  The  horse-power  used  to  run  a  battery 
"varies  diiectly  with  the  weight  of  the  stamp,  which  varies  be¬ 
tween  700  lb.  and  9501b.  Hence  it  has  been  necessary  to  ascer¬ 
tain  for  every  ore,  whether  heavy  blows  do  as  much  work  pro¬ 
portionately  as  very  quick  light  ones.  In  discussing  the  question 
it  should  be  taken  into  the  account  that  in  dry  crushing  the  blow 
of  the  stamp  both  pulverizes  the  ore  and  produces  a  compression 
of  the  air,  which,  together  with  the  blow,  forces  the  pulp  out  of 
the  mortar,  and  in  dry  crushing  this  is  the  only  force  used  to 
free  the  mortar.  The  slower  the  stamp  runs  the  less  constant 
this  air  compression  is,  and  the  more  likely  the  pulp  is  to  fall 
back  into  the  shoe,  and  hence  to  get  a  maximum  discharge,  the 
stamp  must  be  run  rapidly;  in  wet  crushing  the  force  of  the 
water  helps  to  force  the  pulp  through  the  screens.  It  was  found, 
by  a  series  of  experiments  in  dry  crushing  at  the  Metacoin  Mill, 
that  with  GO  drops  per  minute,  4J  tons,  or  not  quite  one  ton  per 
stamp,  could  be  crushed  and  discharged  from  the  mortar  in  twenty- 
four  hours,  90  drops  discharged  10  tons,  and  102  drops  15  b  tons, 
or  a  little  over  3  tons  per  stamp ;  the  increase  of  speed  thus 
increasing  the  yield  of  the  battery  244  per  cent.  To  this  must 
be  added  the  economy  in  wages  and  interest  on  the  capital,  Szc., 
owing  to  the  greater  efficiency  of  the  stamps.  The  difference  is 
not  so  great  in  wet  crushing.  Here  the  stamp  yields  about  1J 
tons  per  horse-power  developed  by  the  stamp.  With  the  velocity 
of  105  strokes  per  minute,  which  were  made  during  these  experi¬ 
ments  at  the  Metacom  Mill,  nearly  all  the  old  mills  and  many  of 
the  modern  ones  would  have  been  racked  to  pieces,  owing  to  the 
iact  of  their  foundations  not  having  been  sufficiently  well  built 
to  withstand  such  rapid  strokes.  With  this  velocity  the  rebound 
of  the  stamp  stem  was  about  1]  in.  It  necessarily  follows  that 
with  such  a  high  velocity  the  cams  were  single.  Double  cams 
at  such  a  velocity  would  not  have  allowed  the  stamps  to  fall  at 
all.  One  ot  the  great  advantages  of  the  high  velocities  is  that  the 
feeder  is  kept  constantly  busy ;  he  must  give  his  undivided 
attention  to  his  work,  in  order  to  keep  the  shoes  off  the  dies, 
while  with  lowr  velocities  he  has  frequent  intervals  of  repose, 
and  times  when  he  will  be  likely  to  think  of  something  else 
besides  his  wrork. 
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The  question  of  both  weight  and  speed  must  be  determined  by 
experience  for  each  ore.  The  tendency  formerly  was  to  run  light 
stamps  with  a  high  drop  and  low  speed,  but  the  general  result 
of  experience  so  far  has  been  in  favour  of  a  maximum  weight 
and  speed,  with  a  low  drop ;  for  there  has  always  been  a  gain  in 
the  ore  crushed  more  than  proportionate  to  the  increase  of  speed. 

The  following  Tables,  the  details  of  which  were  supplied  by 
Booth  and  Co.,  of  San  Francisco,  show  conclusively  that  heavy 
stamps,  with  a  low  drop  and  high  speed,  will  do  more  work  than 
light  stamps  with  a  high  drop  and  low  speed : 


Dry  Crushing  Silver  Mills. 


— 

Stanford 
Mill,  at 
White 
Pine. 

Interna- 

Raymond  tional  Mill, 
and  Ely  at  at 

Pioche.  White 

Pine. 

Lexington, 

Montana. 

Number  of  mortars 

C 

0 

G 

10 

Discharge  of  mortars 

Number  of  stamps  to  each 

Double 

Double 

Double 

Single 

mortar  .... 

5 

5 

5 

5 

Total  number  of  stamps 

30 

30 

30 

50 

Weight  of  a  stamp  in  pounds . 

750 

750 

750 

850 

Height  of  drop  in  inches 

8 

8 

n 

7  to  8 

Number  of  drops  per  minute  . 
Screens  made  of  brass  wire  . 

05 

05 

03 

04 

Trade  number  of  the  screens  . 
Tons  of  rock  crushed  in  24 

50 

50 

50 

30 

hours . 

Tons  crushed  per  stamp  in  24 

52 

48 

33 

00 

hours . 

1.73 

1.0 

1.1 

1.2 

Quality  of  the  rock 

Hard 

Easy 

Soft 

Hard 

Formation  .... 

Limestone 

Quartz  Limestone 

Fineness  of  the  bullion  . 

.008 

.775 

.000 

.080 

It  is  evident  that  a  heavy  stamp  requires  more  horse-power, 
but  it  also  does  more  work.  There  is  evidently  a  limit  for  the 
velocity  and  the  weight ;  for  the  cam-shaft  may  be  made  to  run 
so  quick  as  to  keep  the  stamp  constantly  in  the  air,  and  the 
weight  may  be  so  great  as  not  to  be  economical  in  the  use  of 
power  so  far  as  the  ore  is  concerned,  and  also  to  rack  the  battery. 
It  will  be  found  that  the  stamps,  as  a  general  thing,  crush  faster 
than  they  can  discharge,  for  if  the  crushed  ore  is  put  immediately 
back  into  the  mortar  it  will  take  about  as  long  to  discharge  it,  as 
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Wet  Crushing  Silver  Mills. 


Number  of  mortars 

Discharge  of  mortars 

Number  of  stamps  to  each  mortar  . 

Total  number  of  stamps  . 

Weight  of  a  stamp  in  pounds 
Height  of  drop  in  inches 
Number  of  drops  per  minute  . 
Screens  made  of  Russia  iron  . 

Trade  number  of  the  screens  . 

Tons  of  rock  crushed  in  24  hours  . 
Tons  crushed  per  stamp  per  24  hours 
Quality  of  the  rock. 

Formation  .  .  .  . 

Fineness  of  bullion 


Meadow 

Valley 

Mill 

at  Pioche. 
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tional  Mill, 
at 

White 

Pine. 

Eureka 

Mill 

at  Carson 
Rirer,  near 
Virginia 

City. 

G 

G 

12 

Double 

5 

Double 

5 

Single 

5 

30 

30 

GO 

750 

750 

050 

0 

n 

0 

85 

87“ 

00 

Punched 

Punched 

Punched 

G 

G 

4 

G7 

47 

150 

2.17 

1.57 

2.65 

Tougli 

Soft 

Easy 

Quartz 

Limestone 

Quartz 

.550 

.000 

.080 

Wet  Crushing  Gold  Mills. 


Number  of  mortars  . 

Discharge  of  mortars. 

Number  of  stamps  to 
each  mortar  . 

Total  number  of 
stamps  . 

Weight  of  a  stamp  in 
pounds  . 

Height  of  drop  in 
inches  . 

Number  of  drops  per 
minute  . 

Screens  made  of 
Russia  iron  . 

Trade  number  of  the 
screens  . 

Tons  of  rock  crushed 
per  24  hours  . 

Tons  crushed  per 
stamp  per  24  hours. 

Quality  of  the  rock  . 

Formation. 

Fineness  of  the  bullion 


Key- 

stone 

Consoli¬ 

dated, 

Amador 

County, 

Cali¬ 

fornia. 


_  8 

Single 


5 

40 

750 

84 

85 


Hunter  s  Valley 
Mill,  Maripoza 
County, 
California. 


G 

Single 
I  4  with  4 
l  2  „  G 

28 

G50 

11 

70 


St.  Law¬ 

rence, 

New¬ 

castle, 

Placer 

County, 

Cali¬ 

fornia. 

Ontario, 

Utah. 

Lexing¬ 

ton. 

Montana 

1 

G 

Singlo 

10 

Single 

G 

5 

5 

G 

40 

50 

050 

850 

S50 

10 

81 

00 

92 

04 

Slotted 


Punched  Punched  Punched 


5 

00 


J2.25 

Medium 

Quartz 


G 

5 

30 

50 

17 

GO 

4  stamp  1.75  \ 
b  „  1.83  j 

Easy 

2.85 

1.5 

Brittle 

Hard 

Quartz 

Quartz 

.080 
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fresh  ore.  W orking  slow  would  aggravate  this  difficulty,  because 
the  crushed  material  would  have  plenty  of  time  to  fall  by  gravity 
again  beneath  the  shoe.  Working  fast,  by  keeping  the  pulp 
constantly  in  motion,  tends  to  prevent  any  of  it  accumulating  in 
the  mortar,  and  thus  increases  the  amount  of  work  in  a  given 
time.  In  dry  crushing  an  exhaust  fan  is  sometimes  used  to  draw 
the  crushed  ore  out  of  the  mortar. 

The  number  of  drops  is  usually  between  70  and  100.  The 
usual  fall  is  from  7  in.  to  10  in.,  varying,  of  course,  with  the 
velocity  of  the  stamp.  The  greater  the  number  of  blows  the  less 
the  height,  and  hence  with  a  very  high  velocity  single-toed  cams 
must  be  used.  At  the  Keystone  Mill,  with  a  stamp  of  730  lb., 
with  double-toed  cams,  the  drops  are  73  to  80 ;  at  the  Eureka 
Mill,  with  a  050  lb.  stamp,  with  double-toed  cams,  they  make  80 
drops  of  9  in. ;  at  the  Idaho,  also  with  double-toed  cams,  and 
with  a  stamp  of  950  lb.,  they  make  60  drops  of  10  in. ;  and  at 
the  Metacom  Mill,  with  a  stamp  of  900  lb.,  and  single-toed  cams, 
they  make  90  drops  of  10  in. 

The  quantity  stamped  will  depend  upon  whether  the  mill  is 
for  wet  or  dry  crushing,  upon  the  character  of  the  ore,  and  upon 
the  facilities  of  discharge.  It  will  generally  be  from  one  to  four 
tons  per  stamp  in  twenty-four  hours,  depending  upon  the 
character  of  the  rock  and  the  weight  and  velocity  of  the  stamp. 
In  California  it  is  usually  from  one  to  one  and  a  quarter  tons  in 
twenty-four  hours  for  every  horse-power  developed  by  the  stamp. 
In  dry  crushing  it  is  about  0.45  of  a  ton.  In  Crass  \  alle}  a 
battery  of  20  stamps,  each  weighing  850  lb.,  with  61  diops 
of  10  in.  a  minute,  crushed  40  tons  of  quartz  in  tw  ent)  -four 
hours,  without  a  rock  breaker ;  while  a  battery  of  20  stamps, 
weighing  700  lb.  each,  with  68  drops  of  10  in.  a  minute,  crushed 
82  tons  of  the  same  rock  ;  the  same  screens  being  used,  and  the 
same  conditions  observed  in  both  trials.  This  is  a  '  el>  ^<>(^ 
example  of  the  effect  of  weight  on  the  work  pioduced. 
the  California  Mill  in  Virginia  City,  which  has  80  stamps,  t  } 
make  90  to  100  drops  of  7  in.  to  8  in.  per  minute.  The  ore  is  ^ 
and  360  tons  are  crushed  in  twenty-four  hours,  making  - 
per  stamp  per  day.  The  Virginia  Consolidated  Mill,  with  a  m<><  < - 
lately  soft  rock,  averages  about  2  tons  per  stamp  in  * 
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hours.  Some  mills  give  higher  results  and  some  not  so  high. 
Ihe  Eureka  Mill,  on  the  Carson  River,  has  GO  stamps  and  crushes 
2i  to  3  tons  per  stamp.  The  Brunswick  Mill,  near  Carson  City, 
has  56  stamps  and  crushes  160  tons,  or  nearly  3  per  stamp.  The 
Keystone  Gold  Mill,  in  Amador  County,  California,  has  40 
stamps,  and  crushes  from  75  to  80  tons  per  day,  or  not  quite  2 
tons  per  stamp.  It  formerly  did  2i  tons,  but  on  account  of  a 
change  in  the  process  which  necessitated  a  finer  pulp,  less  work 
could  he  done. 

The  wear  of  different  parts  of  the  stamp  is  very  variable.  The 
stems  rarely  ever  wear  out,  those  at  the  Keystone  Mine,  in 
Amador  County,  California,  have  been  in  constant  use  for  three 
years.  They  are  more  likely  to  wear  in  metal  than  in  wooden 
guides,  their  wear  depending  on  the  amount  of  dust  which 
remains  attached  to  or  incrusted  in  the  guides.  They  break 
off  at  the  ends  more  frequently  when  the  stamp  is  fed  by  hand 
than  by  a  self-feeder ;  and  generally  when  the  shoe  and  die  are 
carelessly  allowed  to  come  together.  This  should  not  happen  in 
a  small  mill  oftener  than  once  in  two  or  three  years  when  the 
stems  are  new :  when  they  are  old  and  the  men  careless  it  may 
happen  once  in  three  or  four  months.  In  very  large  mills  a  stem 
will  be  broken  on  an  average  once  in  two  weeks.  The  stem  is 
then  turned  over,  and  when  both  ends  are  broken  new  pieces  are 
welded  on,  and  they  are  used  in  this  way  an  indefinite  number  of 
times. 

The  tappets  have  no  very  considerable  wear.  They  occasionally 
break  in  setting  up  the  battery  when  the  wedges  are  driven  in 
too  hai'd.  They  should  last  three  to  four  years  at  least. 

The  heads,  when  they  are  strengthened  with  iron  rings,  do  not 
wear  ou^  y  when  they  are  not  thus  strengthened  they  occasionally 
split.  The  only  wear  they  are  likely  to  have  is  in  the  sockets  for 
the  shoe  and  stem,  but  even  when  they  become  a  little  enlarged 
they  can  still  be  used  by  putting  in  either  iron  or  wooden  strips 
to  serve  as  wedges. 

The  time  that  the  shoes  and  dies  will  last,  depends  upon  the 
quality  of  the  iron  with  which  they  are  made,  and  on  the 
hardness  of  the  rock  they  have  to  treat,  the  charge  that  is 
put  into  the  battery,  and  the  speed  with  which  it  is  run.  It  is 
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thought  that  heavy  charges  and  high  speed  produce  less  wear 
than  small  charges  and  low  speed,  for  the  reason  that  at  a  high 
velocity  the  feeder  is  kept  busy  all  the  time,  and  does  not  wait 
before  charging  until  he  ascertains  by  the  noise  and  the  jar  that 
the  shoe  is  pounding  on  the  die.  With  soft  rock  they  have  been 
known  to  last  for  live  months ;  with  rock  of  average  hardness 
they  are  generally  worn  out  in  from  four  to  six  weeks.  It  will 
generally  be  found  that  the  wear  of  the  shoes  will  be  from  1  lb. 
to  H  Tb.  per  ton  of  rock  stamped,  depending  upon  the  hardness 
of  the  rock.  At  the  Douglass  Mill,  in  Dayton  Canon,  they  last 
38  days.  At  the  Keystone  and  Eureka  mills,  near  Virginia  City, 
they  last  50  to  52  days.  The  die  is  then  worn  down  to  the  foot¬ 
plate,  and  the  shoe  is  about  an  inch  thick.  On  pure  quartz  they  will 
not  last  longer  than  from  20  to  30  days.  Steel  shoes  are  coming 
into  use.  They  wear  about  the  same  time  as  the  best  cast-iron 
shoes,  and  are  therefore  preferred  to  any  other  in  many  places. 
There  is  always  an  uncertainty  about  the  quality  of  the  cast-iron 
shoes,  especially  in  remote  districts  where  the  foundries  use  all 
and  any  cast  iron  they  can  get.  As  the  steel  has  to  be  sent  to 
the  mill,  and  cannot  be  cast  in  the  vicinity,  it  is  of  more  even 
quality,  which  seems  to  be  its  only  advantage  over  cast  iron.  A 
good  cast-iron  shoe  will  do  as  much  work  as  a  steel  one. 

The  wear  of  the  die  is  only  about  half  as  much  as  that  of  the 
shoe,  and  will  generally  amount  to  from  three-fifths  of  a  pound  to 
a  pound  per  ton  of  rock.  It  lasts  from  six  to  seven  weeks. 
When  worn  to  the  foot-plate  it  is  taken  out  and  replaced.  The 
cost  of  the  wear  and  tear  of  a  30-stamp  battery  taking  the  average 
of  some  of  the  best  mills  in  Utah,  Nevada,  and  Montana,  has  been 
found  to  be  for  twenty-four  hours’  use  :* 


Cost  of  all  parts  subjected  to  wear  and  breakage 


$11.50 


screens,  supplies  interests,  &c. 
Labour  for  repairs . 


5.50 

$17.00 


Total 


As  the  winters  in  the  high  elevations  where  these  mills  are 
usually  built  are  very  severe,  it  is  necessary  to  cover  the  stamps 

*  “Production  of  Gold  and  Silver  in  the  United  States  for  1883,  page  < 42. 
Washington,  1884. 
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with  a  building  which  must  be  very  strong,  not  only  to  resist  the 
jar  of  the  stamp,  but  also  the  winter  winds.  These  houses  are 
of  unusual  solidity. 

The  cost  of  a  large  mill,  including  the  house,  engines,  &e., 
will  be  not  far  from  $700  to  $1000  per  stamp,  depending  on 
their  number,  more  for  fewer  and  less  for  a  larger  number  of 
batteries. 

The  power  used  to  run  the  battery  is  usually  a  high-pressure 
steam  engine  ;  the  fuel  being  wood,  which  was  formerly  the  only 
fuel  of  these  regions.  The  stamps  and  all  the  other  machinery 
connected  with  the  mills  are  driven  by  belts.  The  amount  of 
fuel  required  to  run  a  battery  will  depend  upon  the  weight  of  the 
stamp.  It  will  usually  be  found  to  be  .22  to  .25  of  a  cord  of  wood 
per  stamp.  Sometimes,  as  in  the  case  of  the  Brunswick,  Eureka, 
and  other  mills,  in  Nevada,  the  stamps  are  driven  by  water  power, 
but  it  not  unfrequently  happens,  as  in  the  case  of  the  Brunswick 
Hill,  that  the  water  is  either  too  high  in  the  river  in  the  spring, 
in  which  case  it  backs  up  against  the  wheel  and  prevents  its 
woi  king,  or  too  low  in  the  summer,  when  there  is  not  sufficient 
power  to  run  it.  The  mill  men  have  not  yet  learned  that  water, 
being  constantly'  subject  to  maxima  and  minima,  is  an  uncertain 
power  to  depend  upon.  The  Eureka  Mill,  near  Dayton,  Nevada, 
is  lun  by  a  Letfeles  turbine  wheel  of  409  nominal  horse-power. 

It  is  52  in.  in  diameter,  makes  1G0  revolutions,  and  consumes 
0777  cubic  feet  of  water  per  minute.  The  flume  which  supplies 
it  is  14  ft.  wide,  5  ft.  high,  with  301  ft.  fall  to  the  mile.  It  is 
three-quarters  of  a  mile  long,  and  takes  the  entire  water  of  the 
Carson  River  during  the  summer.  The  best  economy  in  ail 
stamp  mills  is  to  have  such  character  of  engines  that  they  will 
run  from  two  to  three  months  without  stopping.  The  delays 
caused  by  shutting  down  the  mills,  even  for  a  few-  hours  at  a 
time,  represent  such  a  loss  of  output  that  any  economy  gained 
in  the  purchase  of  an  engine  that  will  not  do  such  work  is 
entirely  exhausted  by  the  diminished  output. 

Accidents  aic  generally'  the  result  of  carelessness,  and  are 
caused  by  the  loosening  of  the  nuts  and  bolts,  the  breaking  of  the 
cam,  allowing  the  shoe  to  get  so  thin  as  to  break  when  the  boss 
comes  down  upon  the  broken  pieces,  or  breaking  the  stem.  Most 
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of  them  may  be  caused  by  the  striking  of  the  shoes  upon  the 
dies  from  careless  feeding,  or  by  allowing  the  shoe  to  wear  too 
thin.  If  the  mortar  is  tilled  too  high,  since  the  boss  is  only  held 
in  the  stem  by  friction,  it  may  be  that  the  stem  will  be  drawn 
out,  and  at  the  next  revolution  it  will  come  down  upon  the  boss 
and  either  break  it  or  batter  or  break  the  stem.  Cams  are 
generally  broken  by  carelessness  of  the  engineer  in  running  the 
cams  in  the  opposite  direction,  or  by  carelessly  drawing  out  the 
lingers  so  as  to  let  the  stamp  fall  on  to  the  cam  :  or  they  may  be 
worn  so  thin  from  the  neglect  of  lubrication  as  to  break  by  their 
shock  against  the  tappet.  There  are  besides  this  a  few  unavoid¬ 
able  accidents  which  are  generally  confined  to  the  stems  or  shoes, 
or  the  wearing  out  of  the  screens.  The  most  frequent  accident  is 
the  breaking  of  the  stem.  When  it  has  been  broken  only  once  it 
is  simply  necessary  to  take  it  out  and  turn  it  over,  both  ends 
being  tapered  for  this  purpose.  When  it  has  been  broken  at  both 
ends  it  must  be  taken  out  to  be  repaired,  and  a  new  stem  put  in 
in  its  place  to  save  time.  The  stem  may  be  repaired  a  number 
of  times  provided  that  after  each  welding  the  whole  stem  is 
annealed.  When  this  is  not  done  they  frequently  part  at  or  near 
the  weld  after  a  short  usage.  A  little  attention  to  this  matter  of 
fatigue  through  want  of  annealing  would  diminish  the  repairs  to 
the  stems  so  as  to  make  them  almost  nothing.  To  put  in  a  new 
stem  the  whole  battery  is  first  hung  up  on  the  fingers,  the  bass 
and  shoe  are  taken  out  from  the  mortar,  the  stem  is  then  fastened 
to  a  rope  or  chain  which  is  attached  to  a  pulley,  the  tappet  is 
then  loosened  and  the  stem  removed.  In  all  the  best  recenth 
constructed  batteries,  a  chain  pulley  running  on  a  small  railwa) 
is  provided  over  all  the  stamps.  The  stem  is  turned  over,  or  a 
new  one  put  in  and  held  by  the  pulley,  it  being  slipped  through 
the  tappet  and  guide  boxes  while  it  is  still  held  by  the  rope. 
The  boss  and  shoe  are  placed  on  the  die  and  three  or  four  ships 
of  wood,  1}  in.  wide,  are  put  into  the  stem  socket  exactly  as  if 
the  battery  were  new.  The  stem  is  then  let  down  to  within 
about  3  in.  of  the  boss,  and  the  tappet  keyed  on  in  this  position, 
and  the  stem  with  the  tappet  hung  up  upon  the  finger,  ^*i  c 
the  whole  of  the  rest  of  the  battery  remains  hung  up,  a  stiip 
wood  2£  ft.  long  and  2  in.  wide,  covered  with  leather,  is  p  at 
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between  the  cam  and  the  tappet  and  held  in  one  hand,  while 
with  the  other  the  workman  seizes  the  handle  of  the  finger  and 
pulls  it  out  from  under  the  tappet.  The  stem  falls  into  the  socket 
of  the  boss.  Keeping  the  stick  in  its  place,  the  workman  allows 
this  single  stem  to  work  until  it  is  quite  fast  in  the  boss  ;  he  then 
hangs  it  up  again,  and,  going  below,  raises  the  shoe  to  its  proper 
level,  supporting  it  there,  and  then  sets  the  tappet  in  its  proper 
place.  This  is  a  delicate  operation  and  requires  considerable 
skill  on  the  part  of  the  workman,  for,  for  a  certain  time,  the  stem 
is  held  up  by  the  pulley  alone,  and  just  the  right  time  must  be 
taken  to  set  the  stick  under  the  cam.  If  the  stick  is  not  held 
exactly  in  the  proper  position  it  will  be  thrown  out  of  the  hand 
of  the  workman,  and  may  result  in  breaking  the  stem.  The 
whole  operation  of  changing  a  stem  takes  about  half  an  hour. 

In  former  times  in  the  wet  crushing  mills  the  ore  had  to  be 
dried  before  it  could  be  roasted,  and  this  was  done,  as  in  the 
methods  described  in  the  various  mills  where  wet  crushing  is 
done,  by  means  of  the  waste  heat  from  the  furnace  running 
through  Hues  covered  with  an  iron  plate  which  formed  the  floor 
of  the  works.  This  is  not  only  bad  for  the  health  of  the 
■\\  orkmen,  who  must  constantly  walk  on  the  hot  iron  plates,  but  is 
uncertain  with  regard  to  time.  It  has  been  abandoned  in  most 
of  the  mills,  and  the  principle  of  revolving  driers,  as  described 
in  the  chapter  on  leaching,  or  of  shelf  driers,*  which  were  intro¬ 
duced  into  the  Lexington  Mill  in  Montana  in  1882,  is  coming 
rapidly  into  use,  the  principle  adopted  being  to  make  them  as  far 
as  possible  automatic. 

1  he  size  of  these  mills  is  fully  illustrated  in  the  chapter  on 
pan  amalgamation,  where  the  plans  of  some  of  the  largest  mills 
ever  constructed  in  the  United  States  have  been  given.  The 
dimensions  of  the  Lexington  Mil],  which  is  one  of  the  largest  of 
those  recently  constructed,  are  given  below.  The  entire  structure 
measures  32G  ft.  greatest  length,  138  ft.  greatest  depth,  covering 
over  29,000  square  feelf  It  is  distributed  as  follows : 

*  Stetefeldt  Shelf  Drying  Kiln,  Trans.  Am.  Inst.  Min.  Eng.,  vol.  xii.,  p.  95. 

+  “  Engineering  and  Mining  Journal,”  vol.  xxxiv.,  p.  255. 
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Dry  kiln  building  . 

ft.  ft. 
120  by  27 

Battery  ,,  . 

120  „ 

32* 

Stetefeldt  furnaces,  each  . 

103  „ 

47“ 

„  ,,  firemen’s  floor,  each 

33  „ 

13 

Pan  room  . 

1C3  „ 

65 

Agitator  room . 

24  „ 

22 

Engine  and  boiler  room  . 

70  „ 

43 

Bullion  furnace . 

35  „ 

30 

The  fall  from  the  charging  floor  of  the  dry  kilns  to  the  boiler 
room  is  61  ft. 

The  battery  dust  chambers  of  the  Lexington  Mill  are  con¬ 
structed  as  follows  :  in  front  of  the  batter)',  and  suspended  over¬ 
head,  is  a  wooden  box  or  chamber  110  ft.  long,  5  ft.  wide,  and 
6  ft.  high.  The  bottom  of  this  chamber  is  formed  by  22  sheet- 
iron  hoppers,  5  ft.  square,  which  end  each  one  in  a  canvas  hose 
4  in.  in  diameter.  Each  battery  housing  for  five  stamps  is  con¬ 
nected  with  the  chamber  by  a  stove-pipe  8  in.  in  diameter,  stand¬ 
ing  at  an  angle  of  75  deg.  Across  the  chamber  are  partitions 
which  force  the  current  of  air,  created  by  a  Sturtevant  suction 
fan,  up  and  down,  thus  facilitating  the  settling  of  the  dust.  The 
draught  given  to  each  battery  is  regulated  by  a  damper.  The 
dust  collected  in  the  hoppers  can  be  taken  out  at  any  time 
through  the  canvas  hose  attached  to  each  hopper.  It  is  taken 
to  the  dust  hopper,  mentioned  above,  and  is  at  pleasure  gra¬ 
dually  mixed  with  the  pulp  coming  from  the  batteiy.  This 
system  works  very  well  and  is  being  introduced.  With  a 
strong  draught,  the  dust  which  settles  in  the  dust  chambers 
amounts  to  about  1  per  cent,  of  the  ore  going  through  the 
battery. 


The  Ball  Stamp. 

Another  stamp,  known  as  the  Ball  stamp,  although  but  little 
used  among  the  silver  and  gold  mills,  on  account  of  its  great 
capacity,  merits  attention  as  showing  the  direction  in  which  the 
improvement  in  stamp  mills  at  one  time  tended.  The  conditions 
of  the  copper  and  the  precious  metal  mines  are  not  exactly  the 
same,  but  when  a  very  large  output  is  required  this  stamp  might 
VOL.  i.  o 
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be  used  to  crush  gold  and  silver  ores.  It  is  now  used  for 
crushing  copper  rock  in  all  the  best  ordered  and  recently- 
constructed  mills  on  Lake  Superior.  As  shown  in  perspective 
Fig.  85,  and  sections,  Figs.  8G  and  87,  it  is  an  overhead  steam 
stamp  of  great  power,  having,  in  comparison  with  other  stamps, 
an  enormous  daily  capacity.  It  is  generally  constructed  in 
the  East  and  sent  out  from  there.  It  requires  very  careful 
construction  of  the  foundations,  as  the  stamp  itself  is  very 
heavy,  and  the  blow  is  therefore  a  very  powerful  one.  To 
construct  the  foundations,  a  pit  12  ft.  deep  is  dug,  round 
which  a  wall  is  built  3  ft.  to  4  ft.  thick.  The  pit  is  14  ft.  by 
16  ft.  inside  of  the  wall.  On  the  bottom  of  the  pit,  an  anchor- 
piece  weighing  about  3  tons  is  placed.  The  pit  is  then  filled  to 
the  top  with  timl>ers  14  in.  square,  laid  across  each  other  in 
alternate  rows.  Bolts  pass  through  them  to  the  anchor.  The 
joints  of  all  the  timbers  are  filled  full  with  cement  and  rannned 
tight,  each  tier  being  cemented  as  it  is  put  in.  A  space  of  about 
1  ft.  all  around  is  left  between  the  timber  and  walls,  which  is  not 
filled  until  all  the  work  is  in.  The  long  bolts  passing  through 
the  timbers  are  occasionally  broken.  To  repair  them  a  long  lag- 
screw  is  put  in,  which  is  simply  a  bolt  with  a  wood  screw  tiled 
on  it.  A  new  hole  is  bored  out  and  the  wood  bolt  screwed  into 
the  foundation  timbers. 

The  timbers  A  A,  Figs.  86  and  87,  are  12  in.  by  14  in.  in  size,  and 
are  placed  on  the  top  of  the  foundation,  spaces  having  been  left 
between  them  sufficient  for  a  number  of  bolts  to  pass.  Upon  the 
top  of  this  frame  two  cast-iron  sills  B,  with  very  broad  bases,  are 
placed,  which  are  secured  to  their  position  by  bolts  which  pass 
through  to  the  bottom  of  the  foundation  timbers  and  anchor 
plates.  These  secure  the  stamp  to  the  foundation  and  hold  the 
timbers  together.  Above  B,  two  timbers  C,  14  in.  by  18  in.  in  size, 
are  placed,  and  between  them  a  series  of  seven  spring  timbers  D, 
b  igs.  85  and  86.  These  timbers  are  full-sized  in  the  middle  for  one- 
quai  ter  of  their  length,  and  from  this  point  are  cut  down  so  that  at 
their  ends  they  are  only  half  this  thickness.  The  shape  is  shown 
in  the  dotted  lines  of  big.  87.  The  ends  rest  on  the  iron  sills  B. 
The  middle  supports  the  bed-plate  of  the  mortar  G.  By  the 
arrangement  of  the  spring  timbers  which  support  the  bed-plate  of 


Fig.  86.  Side  View  of  the  Ball  Stamp. 


Fig.  87.  Front  View  of  tiie  Ball  Stamp. 
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the  mortar,  the  machine  and  its  foundations  arc  relieved  from  the 
jar  which  they  would  otherwise  suffer.  These  timbers  cost  So  each 
or  835  a  set,  and  last  about  one  year,  when  they  must  be  renewed 
Oak  is  considered  the  best  wood  for  them,  and  is  always  used 
when  it  can  be  had  ;  when  it  cannot  be  obtained  birch  is  used. 
On  the  outside  of  the  spring  timbers,  and  independent  of  them, 
is  another  set  of  wooden  sills  E,  resting  upon  and  across  the  sills 
C,  which  support  the  battery  posts.  These  battery  posts  are  held 
together  by  a  wooden  cap  /,  at  the  top,  and  by  the  iron  frame  N, 
the  bunter  beam  V  and  the  cheek  pieces  T  T.  They  are  braced 
by  the  four  iron  T  beams  g  g. 
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The  bed-plate  G,  which  weighs  about  3000  lb.,  is  set  on  the 
spring  timbers  between  the  beams  E  and  secured  to  them  by  bolts. 
On  this  the  lower  part  of  the  mortar  proper,  a,  Fig.  88,  is  bolted. 
It  is  cast  in  one  piece  and  weighs  1500  lb.  The  upper  part  is 
generally  made  with  parallel  sides,  as  shown  in  Figs.  85  to  89,  but 
those  used  at  the  Allouez  Mill  incline  away  from  the  mortar,  as 
shown  in  the  plan,  Fig.  91.  On  the  mortar  bottom  the  bed¬ 
plate  c,  Fig.  88,  is  placed.  It  weighs  about  2000  lb.  On  this 
the  die  proper,  d,  is  placed.  This  is  a  circular  piece  fitted 

to  the  bed-plate  with  a  slot.  It  is  from  22  in.  to  24  in.  in 
diameter  on  the  top  and  24  in.  to  26  in.  on  the  bottom,  is  7  in. 
thick,  and  weighs  from  600  lb.  to  700  lb.  This  is  surrounded 
with  an  iron  ring  e,  bevelled  at  the  top,  and  having  three  slots, 
3  in.  by  1J  in.,  which  are  circular  at  their  ends  and  nearly  cut 
out  at  the  bottom  for  the  purpose  of  fastening  the  ring  to  the  bed¬ 
plate  c  by  the  bolt/.  It  weighs  from  700  lb.  to  800  lb.  On  the 
edge  of  the  ring  the  stave  linings  g  are  placed.  These  are  made 
of  hard  chilled  cast  iron,  in  sets  of  nine  or  more,  which  are  not 
always  of  equal  size.  They  all  flare  on  the  sides  so  as  to  hold 
each  other  in  place.  The  last  one  has  a  hole  through  which  a 
steel  bolt,  h,  passes,  which  keeps  them  all  in  place ;  they  weigh 
together  about  1500  lb.  Still  above  these  are  two  side  linings, 
m  and  n.  The  stave  linings  are  round.  The  upper  linings  have 
the  section  of  the  mortar.  The  lower  side  lining,  m,  is  generally 
made  of  chilled  cast  iron,  and  the  upper  ones  of  wrought  iron. 
The  lower  ones  are  3  in.  thick  and  20  in.  high,  and  weigh  about 
1000  lb.  The  upper  ones  are  made  of  wrought  iron,  and  are 
about  half  an  inch  thick  ;  they  last  about  a  year  on  amygdaloid 
and  six  to  eight  months  on  conglomerate  rock.  The  lower  ones 
last  about  seven  months  on  soft  rock  and  from  four  to  five  on 
hard.  The  stave  linings  last  from  twelve  to  eighteen  months. 
They  are  all  changed  at  one  time.  The  dies  last  about  two  }  ears , 
the  length  of  time  depends  on  the  casting.  W  ith  average  castings 
they  last  about  eighteen  months.  Usually  the  whole  mortal  linin0 
must  be  changed  about  once  a  year,  but  the  parts  where  the 
greatest  wear  comes  are  always  made  thick  to  make  them 
longer.  The  parts  are  always  kept  in  duplicate,  so  that  they  can 
be  put  in  without  delay.  It  takes  about  four  hours  to  change 
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the  mortar  linings.  The  wrought-iron  linings  are  patched  as  long 
as  they  can  he,  in  order  to  continue  their  time  of  service. 

The  shoes  p  are  made  circular,  with  the  sides  cut  off ;  on  the 
upper  side  they  have  a  projecting  piece,  one  side  of  which  is 
dovetailed  to  fit  into  the  slot  of  the  stem.  The  shoes  weigh  from 
450  lb.  to  G50  lb.,  and  are  of  hard  cast  iron  made  of  a  mixture  of 
Franklin  and  German  spiegel.  It  was  found  that  the  chilled  iron 
broke  too  easily.  If  the  chilled  iron  does  not  break  it  wears  longer, 
but  it  wears  rounded,  and  consequently  cannot  be  used  down  so 
close,  while  the  mixture  wears  much  more  evenly.  It  takes  from 
thirty-five  minutes  to  an  hour  to  replace  a  shoe  if  the  boss,  q,  of  the 
stem  is  not  badly  jammed  or  broken  or  the  shoes  broken  off  in 
the  slot,  and  sometimes  half  a  day  if  this  is  the  case.  The  time 
depends  on  how  much  it  has  to  be  chipped  to  fit  it.  The  shoes 
wear  from  five  to  six  days  on  conglomerate  and  from  two  to 
three  weeks  on  soft  rock.  With  careful  work  they  are  rarely 
broken.  In  some  of  the  mills  they  do  not  break  once  a  year;  in 
others  they  break  once  a  month.  This  happens  by  allowing  them 
to  wear  too  thin,  when  they  break  easily.  This  is  a  serious  acci¬ 
dent,  for  if  it  should  not  be  noticed  at  once,  and  the  stem  should 
pound  on  the  die  even  for  a  few  strokes,  it  would  become  so 
battered  that  it  would  have  to  be  taken  out,  which  would  involve 
a  serious  loss  of  time.  At  the  Atlantic  Mill,  in  1875,  forty-two 
shoes  were  worn  out  in  crushing  8000  tons  of  rock. 

The  stem  q,  Fig.  90,  will  work  one  or  two  years  without  repair, 
when  it  must  be  reforged  on  the  bottom  and  the  shoe  slot  dressed. 
It  will  last  ten  years  before  it  has  to  be  replaced.  Accidents 
happen  to  it  through  the  breaking  of  a  shoe,  when  the  stamp 
gives  a  peculiar  sound,  and  must  then  be  stopped  at  once. 
Generally  the  shoe  slot  is  not  touched.  If  the  shoe  does  not  fit 
it  is  dressed. 

On  the  back  or  feed  side  of  the  mortar  there  is  but  one  screen 
frame.  When  the  front  of  the  mortar  flares  there  are  two  screens, 
each  nearly  the  same  size  as  the  back  screen,  the  shape  of  which 
is  shown  in  Figs.  91  to  93.  The  capacity  of  the  screens  in  the 
straight  mortar  was  tested  at  the  Sheldon  and  Columbia  Mill  b) 
charging  the  mortar  with  the  stamp  sands.  It  was  found  that 
with  two  men  charging,  the  screen  surface  was  sufficient  to 
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discharge  the  mortar.  The  extra  screen  surface  is,  therefore, 
only  added  when  ordered. 

The  screens  are  of  No.  12  steel 
plates, in.  thick,  with  holes  T\  in. 
in  diameter  at  the  Atlantic  and  the 
Calumet  and  Hecla  Mills,  and  ^in. 
at  the  Allouez,  there  being  about 
22,000  holes  to  a  screen.  The 
experiment  of  using  wire  screens 
was  made,  but  they  were  easily 
clogged,  and  wore  out  rapidly,  so 
that  they  were  abandoned.  The 
holes  are  made  round  or  oval  and 
are  punched  by  machinery,  each 
mill  doing  its  own  work.  The 
oval  holes  are  used  because  some 
of  the  copper  has  an  oblong  shape 
and  will  not  pass  a  round  hole, 
so  that  it  is  in  danger  of  being 
stamped  too  fine.  Each  front 
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Fig.  91.  Fi0’  ^  Fi°'  93‘ 

sieve  frame  has  four  separate  steel  scieens,  F'e 
round  holes  are  A  in.  in  diameter,  and  the  oh  ong  ones  ■ 
by  J  in.,  or  *  in.  by  A  in-,  which  latter  is  just  equal  to  two 

round  holes.  .  ol  «  ;n 

The  screen  is  clamped  between  two  frames, 

F'g*  88,  „d  i,  »v»d  o„  ouwao  ** ' 

which  turns  the  ore  into  the  dischaige  PJPC  -  ^  The  inside 

frame  lasts  two  months  and  the  outside  one  tv\  °  }  e£ 
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frame  is  constantly  subjected  to  the  wear  and  tear  of  the  fine 
material  in  the  mortar,  and  consequently  wears  out  quicker. 
The  middle  screens  last  a  long  time,  while  the  outsido  ones 
wear  out  very  rapidly,  owing  to  the  constant  splash  of  the 
stamps  toward  the  outside  rather  than  toward  the  middle. 
When  the  oval  holes  aro  used  in  the  screens  they  are  always 
placed  in  the  outside  frames,  the  object  being  to  let  out  tho 
Hat  copper  which  is  too  large  to  pass  the  round  holes.  The 
front  and  bock  screens  wear  out  about  alike.  The  mortar  lining 
is  changed  throughout  about  once  a  year,  but  the  parts  where  the 
greatest  wear  comes  are  made  double. 

When  a  screen  is  crackod  and  it  is  not  desirable  to  stop  the 
stamp  long  enough  to  repair  it,  tho  crack  is  filled  up  with  a 
wedge  of  wood.  When  tho  front  screen  is  to  be  removed  it  is 
lifted  off  with  a  block  and  tackle,  a  hole  being  made  in  tho 
top  of  the  screen  frame  for  this  purpose.  It  is  slid  into  its 
slot  again  over  a  Hat  bar,  and  is  bolted  overhead  with  two  bolts. 
Tho  back  screen  holders  are  the  same  as  the  front  ones,  except 
that  they  are  T-shaped,  and  have  on  each  bar  four  lA-in.  rounds 
commencing  4  in.  from  the  bottom  and  top  and  1  ft.  apart. 
The  back  screen  holders  are  held  in  two  frames.  They  are  38  in. 
wide  and  47  in.  long.  The  top  is  3  in.  wide,  the  separation 
2h  in. ;  tho  screens  are  of  equal  size.  It  is  very  easy  to  remove 
the  front  screens,  but  to  remove  the  back  ones  tho  Hoor  where  the 
feeder  stands  has  to  be  taken  up,  and  they  are  more  difficult 
to  move,  as  the  space  is  much  more  contracted. 

At  the  Atlantic  Mill  the  screens  of  the  stamps  originally  had  }-in. 
holes.  They  then  used  f^-in.  holes  for  three  months,  and  then 
i-in.  With  these  last  holes  there  was  a  great  loss,  as  the  copper 
was  pounded  too  Hne.  With  ^-in.  holes  there  was  a  loss  from  the 
largo  size  of  the  rock.  When  they  went  back  to  f^-in.  holes  tho 
product  of  the  mill  came  up  at  once.  The  front  screens  last  three 
weeks.  The  back  screens  are  taken  out  when  they  are  worn. 
The  breaks  are  generally  in  the  bottom.  The  screens  are  turned 
upside  down  and  put  in  again  on  the  back  side,  where  there  is 
less  wear  than  on  the  front.  When  they  can  no  longer  be  used 
as  screens  they  are  used  in  some  mills  to  line  the  bottom  of  the 
launder.s  which  bring  the  water  to  and  carry  off  the  tails  from 
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the  mill,  as  at  the  Calumet  and  Hecla;  in  other  mills  they  are 
thrown  away. 

The  screens  discharge  into  hoppers  L, Figs. 80  and  87, and  5, Fig. 88, 
attached  to  the  inclined  sides  of  the  mortar,  and  deliver  the  material 
to  launders  which  cany  the  crushed  ore  to  the  washers.  The  top  of 
the  mortar  is  closed  ;  on  it  is  the  feed  hopper  I,  Figs.  86  and  87,  and 
W,  Fig.  88,  which  is  bolted  to  the  planed  surface  v,  Fig.  89,  on  the 
top  of  the  mortar,  and  must  be  changed  about  once  in  three  months. 
The  stem  of  the  mortar  passes  through  an  urn-shaped  appendage, 
J,  Fig.  87,  and  u,  Fig.  88,  with  a  cone  in  the  centre,  through  which 
water  is  discharged  into  the  mortar  by  the  pipe  M,  Figs.  86  and 
87.  Just  above  the  mortar  an  iron  frame  N,  Fig.  87,  is  bolted  to 
the  battery  posts  F,  which  has  two  boxes  O  O,  through  which 
the  stem  of  the  stamp  P  is  guided.  Between  these  two  boxes  a 
pulley  with  feathers  Q  is  clamped,  which  works  in  splines  in 
the  stamp  stem ;  a  belt  running  over  this  pulley  gives  a  rotary 
motion  to  the  stamp.  The  stamp  stem  P,  is  round,  made  of 
wrought  iron,  Figs.  87  and  90,  and  is  finished  throughout.  Its 
lower  end  has  a  dovetail  to  receive  the  shoe,  which  is  fitted  and 
keyed  into  it.  The  upper  end  has  a  circular  flange  to  which  the 
bonnet  It  is  bolted.  At  the  top  of  the  mortar  frame  the  steam 
cylinder  S  is  bolted  to  a  cast-iron  frame  T,  which  is  fitted  to  and 
bolted  to  the  stamp  frame.  The  piston  passes  down  through 
the  hunter  beam  V,  which  is  bolted  to  the  battery  timbers,  into 
the  bonnet  R,  into  which  it  is  screwed,  as  shown  in  Fig.  87.  The 
hunter  beam  frame  contains  a  cushion  against  which  the  top  of 
the  stamp  shaft  bonnet  R  would  strike  if  it  were  raised  too 
high,  and  this  prevents  its  upward  motion,  and  also  prevents 
the  piston  from  knocking  the  cylinder  head  out.  It  never 
touches  except  when  too  much  steam  is  let  into  the  steam 
cylinder,  or  when  the  pressure  of  the  boiler  is  unnecessarily 
increased.  The  steam  chest  W  incloses  the  slide  valve ;  the 
steam  enters  the  steam  chest  W  by  a  pipe  Y,  and  is  discharged 
by  the  exhaust  pipe.  The  slide  valve  works  entirely  indepen¬ 
dent  of  the  stamp  stem,  running  a  fixed  number  of  strokes  per 
minute,  and  is  driven  by  the  eccentric  b  and  valve  rod  Z.  The 
eccentric  has  its  motion  from  a  belt  on  the  pulley  c,  which  is 
driven  by  a  separate  engine.  It  runs  upon  the  shaft  d,  upon 
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which  are  two  eccentric  elliptical  cog-wheels  e.  The  regular 
motion  of  the  shaft  d  is  in  this  way  changed  into  an  irregular 
motion,  and  gives  the  eccentric  and  steam  valve  a  slow  upward 
and  quick  downward  movement.  By  the  arrangement  of  cushions 
in  the  stamp  shaft  bonnet  R,  the  piston-rod  and  head  are  relieved 
from  the  very  severe  strain  which  would  otherwise  come  on  them. 
The  mortar  of  this  stamp  is  so  large  that  the  shoe  and  die  must 
never  come  together,  as  the  power  of  the  blow  is  very  great.  A 
lever  is  attached  to  the  side  of  the  stamp  which  the  bonnet  R 
strikes  when  the  rock  gets  too  low,  and  warns  the  workmen 
before  the  shoes  and  dies  come  together. 

To  work  the  stamp  the  motion  is  communicated  to  the  valve 
by  the  pulley  c,  the  ore  having  first  been  thrown  into  the  feed 
hoppers.  It  falls  down  into  the  mortar  proper  through  the  feed 
spout  I,  Fig.  86,  and  W,  Fig.  88.  The  water  is  turned  on  to  the 
pipe  M,  Figs.  86  and  87,  and  at  each  blow  of  the  stamp  the  water 
and  crushed  ore  are  thrown  toward  the  top  of  the  screens.  The 
pulp  is  forced  through  the  screens  and  falls  through  the  spout  5, 
Fig.  88,  into  the  launders  leading  to  the  washers.  The  stamps 
work  generally  twenty-six  days  in  a  month.  When  a  stamp 
needs  repair  there  should  be  a  spare  stamp  to  use  in  its  place, 
and  it  should  be  immediately  repaired.  At  the  Atlantic  Mill 
this  system  is  adopted  for  the  boilers  also. 

The  steam  cylinder  of  number  one  stamp  is  12  in.  in  diameter 
and  has  a  20-in.  stroke.  The  two  medium-sized  stamps  at  the 
Allouez  Mill  make  from  95  to  100  strokes  per  minute  ;  the  latter 
number  of  strokes  will  break  the  most  rock.  It  stops  only  half 
an  hour  a  day.  In  the  month  of  August,  1876,  they  crushed 
at  the  Allouez  Mill  3320  tons  in  twenty  days,  or  83  tons  a  day 
for  each  stamp.  At  the  Calumet  and  Hecla,  with  seven  stamps, 
they  crush  770  tons  in  twenty-four  hours.  At  the  Atlantic  Mill 
the  large-sized  stamp  makes  85  strokes  a  minute,  and  each 
head  crushes  110  tons,  or  330  in  the  mill  in  twenty-four  hours. 
Since  1876  the  capacity  of  the  stamp  has  been  increased  to  a 
maximum  of  165  tons  of  rock  crushed  in  twenty-four  hours. 

The  steam  cylinder  of  the  stamp  must  be  occasionally  rebored. 
If  the  casting  is  soft  and  the  stamp  constantly  watched,  it  may 
have  to  be  rebored  once  in  six  months.  If  hard  it  will  last 
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according  to  the  care  taken  of  it,  from  one  to  two  years.  At 
the  Atlantic  and  Allouez  Mills  they  rebore  once  a  year ;  at  the 
Calumet  and  Hecla  once  in  two  years.  They  cannot  generally 
be  rebored  oftener  than  three  times ;  after  this  they  must  be 
replaced.  The  piston-rod  lasts  from  twelve  to  eighteen  months, 
when  it  must  be  renewed.  The  piston-rods,  valve  stems,  &c., 
are  all  made  to  a  size. 

At  the  Atlantic  Mill  the  steam  goes  to  the  stamps  at  a  pres¬ 
sure  of  95  lb.  The  exhaust  steam  from  here  is  run  into  a  re¬ 
ceiver  and  heater  50  ft.  long  and  2  ft.  in  diameter,  the  steam 
pipe  from  which  goes  to  the  main  mill  engine.  The  mill  engine 
is  thus  run  entirely  by  the  waste  steam,  and  the  water  for  the 
boilers  is  heated.  They  bum  l-H  tons  of  coal  per  twenty-four 
hours  and  stamp  330  tons  of  rock  ever}’  day.  The  coal  costs  about 
84.50  delivered  at  the  mill.  The  water  is  brought  in  launders 
20  in.  by  20  in.  and  2i  miles  long.  During  the  winter  they  are 
covered  tight.  The  quantity  of  water  used  per  minute  is  220 
gallons.  This  is  about  25  tons  of  water  for  one  ton  of  rock.  At 
this  mill,  on  account  of  the  faulty  construction  of  the  pockets, 
two  men  are  required  to  feed  the  stamps.  At  the  Allouez  Mill 
there  is  but  one  feeder,  except  when  the  rock  is  vei\  low,  and  a 
man  has  to  go  into  the  bin  to  throw  a  supply  to  the  mouth.  At 
the  Calumet  and  Hecla  there  are  three  chargers  per  stamp. 
This  is  necessary  on  account  of  the  faulty  construction  of  the 
bins,  which  were  made  to  hold  three  days  supph  of  i«>ck, 
is  necessary  to  guard  against  any  accident  to  the  railroad.  A 
the  supply  of  ore  in  the  bins  gets  low  on  account  of  stoppage  o 
the  ore  trains,  two  men  have  to  go  inside  and  sho\  el  it  out 

There  is  one  man  at  the  valve  for  two  stamps,  and  one  man 
changing  screens  and  fitting  the  shoes.  The  ^  T, 

great  deal  of  work,  as  they  have  to  be  shifted  an<  fitte  . 
come  to  the  mill  exactly  as  they  came  from  the  oun  * 
man  who  looks  after  the  screens  attends  to  these  a 
eight  firemen  for  the  boilers  of  the  stamps ,  1 1 
blacksmiths.  In  their  machine  shop  there 
do  all  the  repairing  and  new  work  as  we 
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stamp,  who  work  eight  hours  each,  and  two  engineers  in  twenty- 
four  hours.  There  are  two  men  who  regulate  the  steam  for 
twenty-four  hours.  At  the  boilers  are  six  firemen.  There  are 
in  the  machine  shop  one  blacksmith  and  two  machinists.  Wood 
in  August,  1876,  cost  33  cents  per  ton  of  rock  stamped.  The  two 
stamps  used  250  cords  at  $2.50  per  cord.  This  wood  is  all  cut  on 
the  company’s  lands.  The  boilers  were  not  in  good  condition 
and  used  too  much  wood.  The  pressure  of  steam  is  100  lb.  There 
are  three  2-in.  water  pipes  to  each  head.  The  quantity  of  water 
used  per  day  for  all  purposes  is  1556  gallons.  It  is  brought  in 
launders  24  in.  by  16  in.,  for  both  winter  and  summer  supply. 

At  the  Atlantic  Mill  the  water  is  supplied  by  two  2-in.  gas- 
pipes,  the  supply  for  the  mill  being  30  to  32  tons  of  water 
for  each  ton  of  rock  dressed. 

The  patterns  for  all  parts  of  the  stamp  liable  to  get  out  of 
order  are  kept  in  the  shop,  so  as  to  allow  of  immediate  repair 
when  necessary.  When  any  part  wears  out  it  goes  to  the  old 
iron.  There  are  two  men  constantly  engaged  in  repairs  to  the 
mill.  Only  the  best  mechanics  should  be  employed  at  repairs. 
At  the  Atlantic  Mill  they  are  paid  $74  per  month  ;  at  this  mill 
there  is  one  blacksmith. 

The  following  Table,  prepared  for  me  by  Mr.  E.  J.  Murphy,  of 
the  Hartford  Foundry,  gives  the  weights  and  cost  of  the  principal 
parts  of  the  Ball  stamp  : 


Cast  Iron . 


Weight — Lb. 
...  11,730 
...  21,895 
...  15,S00 
...  2,084 
...  1,200 
...  1,470 

078 
801 
480 
...  2,500 
... 

...  1,022 
095 
550 
800 
2  722 


2  sills  or  girders . 

1  bed-plate  (in  two  pieces) 

1  mortar . 

1  stamp  shaft  guide  cap  and  box 

1  bunter  beam  and  ring 

2  feed  hoppers  and  attachments 

2  discharge  hoppers  . 

2  screw  frames . 

1  urn  . .  . 

4  braces  for  stamp  frame 

2  cheek  pieces . 

1  set  of  linings  for  mortar 

1  bottom  piece  for  mortar 

1  stamp  head  die . 

1  ring  ...  . 

1  steam  cylinder  and  attachments 


65,622  at  C c.  ...  $3,031.32 


Brass. 

Composition  valves  and  bushings 


04  at  50  c. 


82.00 
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Sundries. 

Boiler  plate  . 

Wrought-iron  bolts,  nuts,  keys,  &c. 

Steel  for  keys  . 

Eight  steel  screen  plates 

Steel  piston  rod . 

Steam  piston  head  and  follower 

Rubber  springs . 

Two  flanged  cocks  . 

Timber. 

2  sticks,  27 b  feet  by  181  inches  by  18 
2  „  ll|  „  18,  „  18; 

1  „  9  „  12,  „  16 

^  »»  ^  ,,  4;-  ,,  10; 

Paint,  nails,  lumber  and  boxing. 
Boxing  and  patterns 
Carpenters  making  frame 
Labour  by  machinists 
,,  blacksmith 

Cartage  . 

Stamp  Shaft. 

1  stamp  shaft  . 

Labour  by  machinist 
Lathe  work  . 


Carried  forward 


1,C92 

2,228  at  8  c. 
81  at  25  c. 
100 


130 

173 


207 

•  $3,903.32 

109.48 
178.24 
20.25 
18.00 
20.75 
37.11 
125.40 
28.00 


inches 


■  2,377  feet  at  $70.  185.50 


34  days  at  $5.00. 
5,488  hours  at  .50. 
221  „  1.25. 


3,3651b.  ... 
229  hours... 
171  „  ... 


32.72 

50.00 

170.05 

2,744.00 

275.70 

41.48 


412.33 

114.50 

256.00 


Total 


...  $8,782.83 


The  following  Table  shows  the  operations  of  the  Pewabic  Mill : 

Pewabic  Mill,  3  Heads  Ball’s  Stamps,  January  1  to  December  31,  1875. 

OPERATION  OF  MILL. 


J  anuary 

February 

March 

April 

May. 

June 

July . 

August 

tteptembt 

October 

November 

December. 

Total 


No.  of 
Cords 
of 

Wood 

used. 

No. 

of 

Tns. 

of 

Coal 

used 

Cost 

of 

Wood. 

Cost 

of 

Coal. 

Co8t 
j  of 
Supplies, 

!  Oil, 
Packing, 
Belting, 
&c. 

484 

$ 

1,815.00 

$ 

3 

361.85 

477 

... 

1,788.75 

278.00 

510 

1,912.50  ... 

306.31 

380 

70 

1,425.00 

420 

282.01 

425 

1,593.75 

1  275.99 

452 

1,695.00 

199.24 

455 

1,706.25 

212.80 

4851 

1,819.69 

175.12 

428] 

1,605.93 

263.55 

404 

1,313.00 

514.12 

:  429 

1,737.45 

453.79 

403 

1,632.15 

449.30 

!  5332$ 

70 

20,044.47 

420  : 

3772.08  ! 

Cost 

of 

Foundry’ 

Bills. 


Cost  Total 
in  Running 
Wages.  Expense. 


8 

204.81 

141.73 

181.57 
173.00 
194.30 
209.17 

60.88 

138.36 

144.65 

148.58 
251.00 
173.57 


8 

1,862.86 

1,445.13 

1,716.38 

1,006.88 

1,772.56 

1,643.40 

1,754.49 

1,695.99 

1,596.03 

1,632.66 

1,617.60 

1,606.16 


$ 

4,244.52 

3,653.61 

4,116.76 

3,906.95 

3,836.60 

3,746.81 

3,734.42 

3.829.16 

3.610.16 
3,608.36 
4,059.84 
3,861.18 


2021.08  19,950.1446,208.37 
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RESULTS. 


— 

Number  of 
Days 
Running. 

Tons  of 
Rock 
Stamped. 

Tons  Stamped 
per  Cprd  of 
Wood. 

Cost  of 
Stamping  and 
Washing  One 
Ton  of  Rock. 

January 

24 

4,762 

9.83 

$0.89 

February  . 

21 

4,355 

9 

.84 

March 

22 

4,638 

9 

.88 

April  . 

24 

4,720 

9.75 

.82 

May  . 

24 

5,028 

11.80 

.76 

June  . 

24$ 

5,033 

11.13 

.74 

July  . 

25 

5,261 

11.56 

.71 

August 

24$ 

4,952 

10.21 

.77 

September  . 

24$ 

5,260 

12.29 

.68 

October 

24} 

5,062 

12.53 

.71 

November  . 

23 

4,819 

11.23 

.84 

December  . 

21 

5,043 

12.51 

.77 

Total  . 

281J 

58,942 

Average  10.84 

Average  $0.79 

The  following  Table  shows  the  operations  of  the  Allouez 
Mill : 


Allouez  Mill,  2  Heads  Ball’s  Stamps,  in  1875-76. 


— 

No.  of 
Cords 
of 

Wood 

used. 

Cost 

of 

Wood. 

Cost 
of  Sup¬ 
plies. 

Cost  of 
Foundry 
Bills. 

Cost 

in 

Wages. 

No.  of 
Men 
em¬ 
ployed. 

Total 

Running 

Expense. 

Tons 

of 

Rock 
sent 
:  to 
Mill. 

1875. 

S 

$ 

$ 

S 

$ 

July  . 

500 

1,250.00 

2,137.50 

289.46 

632.80 

1,672.12 

40 

3,844.38*2,200 

August 

855 

826.60 

213.60 

1,898.32 

44 

5,076.02 

4,000 

September 

784 

1,960.00 

1,975.00 

344.11 

570.69 

2,021.83 

49 

4,897.63 

4,656 

October 

790 

301.91 

614.60 

2,361.33 

48 

5,252.84 

4,450 

November 

625 

1,562.50 

311.10 

580.92 

1,741.67 

38 

4,196.19  3,000 

December . 

1876. 

730 

1,810.00 

474.90 

423.86 

2,255.63 

1 

45 

4,904.39 

4,970 

January  . 

826 

2,065.00 

362.33 

384.45 

2,190.39 

48 

5,002.17 

4,200 

February  . 

620 

1,550.00 

2,075.00 

238.63 

662.32 

2,314.43 

47 

4,765.38  +2, 500 

March 

830 

136.31 

318.00 

2,084.62 

46 

4,613.93  4,812 

April 

753 

1,882.50 

155.15 

285.82 

1,673.94 

40 

3,997.41 

5,29o 

May  . 

830 

2,075.00 

251.45 

376.25 

1,774.93 

44 

4,477.03 

5,015 

June. 

760 

1,900.00 

282.07 

435.90 

1,740.30 

43 

4,358.27i 

5,330 

Total  . 

8903 

22,242.50  3974.02 

5499.21  23,729.51 

532  i 

55,446.24  51,133 

*  Short  of  water  from  drought, 
f  Short  of  water  from  the  launders  freezing  solid. 
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Tons  Stamped 
per  Cord  of 

Pounds  of  Copper 

Cost  of  Stamping 

Wood. 

produced. 

One  Ton  of  Rock. 

1875. 

$ 

July  . 

4.40 

80.430 

*k74'j 

1-24  £  g 

August 

4.79 

170,970 

September  . 

5.90 

180,050 

1.05  *  o  • 

October 

5.63 

170,055 

1.18 

November  . 

5.76 

129,680 

1.16  l -SB'S 

December  . 

1876. 

6.91 

200,350 

.99  |  |  o.' g 

i  9  TJ  12 

1.34  K  5  g 

January  .  , . 

5.08 

160,054 

February  . 

4.03 

90,440 

+1.90-1  W 

March 

5.80 

160, 460 

.96 

April  . 

May  . 

7.00 

172,323 

.76 

6.00 

180,130 

.89 

June  . 

7.00 

180,455 

.82 

Total  . 

68.30 

1,875,307 
or  937.698  tons. 

814.03 

The  following  Table  gives  the  sizes  and  dimensions  of  the  Ball 


stamps : 

List  of  Regular  Sizes. 


No.  of 
Stamp. 

Dia¬ 
meter  of 
Shaft  or 
Stem,  in 
Inches. 

Weight 
of  Stamp 
Shaft 
and 

Shoe,  in 
Pounds. 

Extreme 
Stroke 
or  Lift, 
in 

Inches. 

Dia¬ 
meter  of 
Steam 
Cylinder, 
in 

Inches. 

XT  .  Horse 

““  Power 
of  Blow.  uired 

,,Per  for  One 
Minute.  HeaJ 

Actual 
Amount  of 
Rock 
Crushed 
per  Day  of 
24  Hours. 

1 

8 

4500 

28 

12  to  15 

90  60 

120 

2 

7 

3500 

28 

11 

90  52 

90 

3 

6 

2500 

26 

9 

95  35 

65 

4 

5 

1500 

24 

8 

110  16 

35 

5 

4 

650 

18 

6 

120  8 

15  to  20 

Mr.  E.  D.  LeavittJ  has  made  an  improvement  on  these  stamps 
hy  which  the  energy  of  each  blow  has  been  increased  to  40  foot- 
tons.  The  stamps  are  capable  of  crushing  225  tons  each  of 
conglomerate,  this  being  the  average  duty  of  a  two  weeks  lun. 
They  consume,  per  ton  of  rock  crushed,  40  per  cent,  less  fuel  than 
was  formerly  used. 


Luring  this  month  the  men  were  on  hand,  but  the  mill  was  short  of  water, 
t  Short  of  water  from  the  launders  freezing  solid. 

4.  Trans.  Am.  Soc.  Mech.  Eng.,  vol.  vi.,  p.  380. 
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Up  to  tlie  year  1882  all  the  efforts  made  to  crush  ores 
fine  were  directed  toward  the  improvement  of  the  Cali¬ 
fornia  stamp.  When  it  reached  its  maximum  efficiency,  how¬ 
ever,  it  was  still  found  that  something  was  lacking,  not  only 
because  of  the  limited  production  per  stamp  head,  but  also 
because  of  the  cost  and  the  wear  and  tear  of  the  stamps  them¬ 
selves.  Until  about  that  time  it  had  been  supposed  that  the 
California  stamp  was  the  perfection  of  machinery  for  crushing, 
and  that  nothing  whatever  could  take  its  place.  It  was 
admitted  that  rolls  were  suitable  for  crushing  ore  to  such  a 
granular  state  as  is  most  suitable  for  concentration,  but  even  in 
concentration  works,  the  stamp  was  largely  used.  The  prejudice 
against  rolls  arose  in  this  country  mostly  from  very  ill-advised 
experiments,  undertaken  in  the  early  days  of  Lake  Superior, 
when  the  effort  was  made  to  reduce  hard  rock,  containing  large 
nodules  of  native  copper,  to  a  condition  fit  for  concentration, 
with  rolls  made  of  cast  iron.  Even  these  might  have  been 
successful  but  for  the  ill-judged  economy  of  making  the  machi¬ 
nery  so  light  that  it  was  hardly  strong  enough  to  crush  the 
rock,  and  entirely  incapable  of  rolling  out  native  copper,  so  that 
the  copper  lumps  could  not  pass  the  rolls,  which  were  con¬ 
sequently  often  jammed  by  them,  so  that  they  had  to  be  taken 
apart,  if  the  force  was  not  sufficient  to  roll  them  out,  or  were 
broken  if  it  was. 

In  1883,  the  Bertrand  Mining  Co.,  of  Nevada,  influenced  l>}’  the 
success  of  Krom’s  geared  rolls  in  the  leaching  works  in  Galena, 
Nevada,  introduced  his  improved  steel  rolls  for  crushing.  It  soon 
became  evident  that  the  dictum  which  had  been  received  every¬ 
where  that  rolls  could  not  be  used  for  crushing  in  the  metallurgy 
of  gold  and  silver  was  a  mistaken  one.  It  was  soon  seen  not  only 
that  the  cost  of  the  plant  was  much  cheaper,  but  also  that  the 
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efficiency,  so  far  at  least  as  leaching  work  was  concerned,  was 
far  greater,  for  the  pulp  which  came  from  the  rolls  was  found  to 
contain  much  less  fine  dust,  and  the  particles  to  be  much  more 
uniform  in  size  than  those  which  came  from  the  stamps.  It  had 
before  been  supposed  that  an  impalpable  powder  was  necessary 
in  order  to  have  all  the  precious  metals  in  the  ore  transformed 
into  chloride,  where  the  ores  had  to  be  roasted,  or  so  that  the 
mercury  could  reach  the  gold  and  silver  in  the  ore  when  it  was 
free  milling.  Recent  practice,  however,  has  shown  that  for 
chlorurising  roasting,  excessive  fineness  of  ore  is  not  necessaiy, 
and  that  it  may  be  even  injurious  in  lixiviation,  by  interfering 
with  the  rapidity  and  efficiency  of  the  filtration. 

The  success  of  the  rolls  in  the  Bertrand  Mill  induced  others 
to  adopt  them.  The  results  have  been  so  far  favourable,  but 
it  is  impossible,  on  account  of  the  short  time  in  which  they  have 
been  in  use,  to  make  an  exact  comparison  between  their  efficiency 
and  that  of  stamps.  Enough,  however,  is  already  known  to  be 
certain  that  in  every  respect  the  comparison  is  in  favour  of  rolls, 
though  to  what  extent  cannot  at  present  be  accurately  deter¬ 
mined.  It  is  known  now  that  two  sets  of  rolls,  from  14  in.  to 
16  in.  long  and  from  26  in.  to  30  in.  in  diameter,  run  at  a  velocity 
of  100  turns  a  minute,  are  equal  to  a  50-stamp  mill,  where  the 
stamps  weigh  850  lb.,  and  that  the  amount  of  fine  dust  produced 
by  rolls  is  not  as  great  as  that  produced  by  stamps.  When  it  is 
taken  into  consideration  that  a  50-stamp  mill  involves  a  very 
large  and  expensive  house  and  foundations,  while  the  rolls  are 
self-contained  and  require  but  a  small  space,  the  very  great 
advantage  of  the  rolls  is  at  once  apparent,  independent  of 
the  original  cost  of  the  machinery,  which  is  much  less.  There 
seems  to  be  no  more  difficulty  to  crush  fine  with  properly-con¬ 
structed  rolls  than  with  stamps.  The  capacity  of  rolls,  like 
stamps,  is  limited  by  the  screening  capacity  and  by  the  fineness 
of  pulverization.  At  the  Austin  Mills,  in  Nevada,  it  was  found 
that  crushing  through  a  No.  16  screen,  there  were  produced  16 
per  cent,  of  fine  material  which  passed  a  No.  100  screen,  but  only 
half  of  this,  or  8  per  cent.,  went  to  the  dust  chamber. 

The  growing  poverty  of  the  old  mines,  the  uncertainty  of  the 
discovery  of  new  ones,  the  invention  of  new  processes,  by  which 
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poorer  ores  can  be  treated,  and  the  desirability  of  reducing 
expenses  m  all  the  various  stages  of  producing  the  metal  has 
turned  attention  to  rolls.  The  old  Cornish  rolls  are  not  adapted 
to  a  large  output,  and  are  more  expensive  in  labour  than  the  ores 
ot  the  \\  est  justify.  Many  attempts  have  been  made  to  replace 
them  by  crushers,  disintegrators,  and  pulverizers,  many  of  which 
are  ingenious,  though  some  of  them  are  quite  complicated  but 
none  of  them  solve  the  question  of  a  maximum  of  output’  pro- 
<  need  by  the  use  of  a  minimum  of  power,  repairs,  and  labour. 

Of  the  various  kinds  of  improvements  in  rolls  which  have 
been  made,  the  most  ingenious,  and  at  the  same  time  the  most 
simple  in  construction,  involving  the  least  labour  and  the  least 
cost  ill  repairs,  are  the  rolls  made  by  Mr.  S.  R.  Krom,  of  New 
York,  which  it  is  our  purpose  to  describe,  and  to  compare  with 
stamps  both  for  economy  of  construction  and  repairs,  and  increase 
m  efficiency  and  output.  These  rolls  are  composed  of  two  sets 
of  cast-iron  cores  B  on  steel  axes  CC\  Figs.  94  and  95,  carrying 
steel  tyres  A.  The  rolls  vary  from  26  in.  to  30  in.  in  diameter, 
including  the  steel  tyres.  These  tyres  are  made  of  the  best 
open-hearth  steel  and  are  24  in.  thick  on  the  26-in.  rolls,  and 
ln‘ tluck  on  t]le  30-in.,  and  can  be  worn  down  to  i  in.  They 
June  been  worn  as  low  as  \  in.  The  tyres  are  used  until 
they  are  so  thin  that  they  become  loose  from  expansion.  The 
pi  low  blocks  L  of  one  of  these  rolls  is  firmly  bolted  to  the 
'cd  plate  F  by  the  nut  N.  The  second  one  is  set  in  a  swinging 
pillow-block  fixed  in  two  strong  cranks  D  D\  which  rotate  in  a 
journal  E  set  in  the  cast-iron  frame  F.  The  shaft  M,  which  con¬ 
nects  the  two  swinging  pillow-blocks,  is  11  in.  in  diameter, 
so  that  this  roll  and  shaft  are  always  held  in  line  with  the  other 
roll.  When  rolls  are  constructed  with  pillow-blocks  which  slide 
on  the  bed-plate  independent  of  each  other,  it  is  difficult  to  keep 
the  two  shafts  parallel ;  besides  there  was  always  a  liability  of 
t  e  movable  pillow-blocks  getting  loose  on  the  bed,  which  is 
not  only  objectionable,  but  causes  damage  to  the  bottom  face  of 
the  pillow-block,  and  the  face  of  the  bed-plate.  But  with  this 
construction  all  the  pillow-blocks  are  securely  fixed.  One  pair  is 
iu  ml}  bolted  to  the  bed,  while  the  movable  pillow-blocks  swing 
on  t  e  strong  pi\ot  L.  The  distance  between  the  two  rolls  is 
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regulated  by  the  screws  M,  one  on  each  side,  with  their  jam  nuts 
to  prevent  any  motion  after  they  are  once  set.  The  rolls  are 
held  by  two  heavy  bolts  J,  so  that  the  position  once  fixed,  the 
distance  of  the  surfaces  cannot  be  changed  by  any  action  of  the 
machine,  but  only  by  the  wear  of  the  rolls.  To  the  fixed 
rolls  a  large  driving  wheel  G,  7  ft.  in  diameter  and  15  in.  wide,  is 
ke\  ed  on  its  axis  C,  and  to  the  movable  one  a  smaller  wheel  H, 
42  in.  in  diameter  and  8  in.  wide,  is  keyed  on  its  axis  C'.  The 
rolls  are  covered  with  a  housing  P,  to  which  an  exhaust  fan 
is  attached,  so  that  no  dust  escapes  into  the  air,  the  whole 
of  it  being  earned  to  the  dust  chamber.  To  this  housing  a 
iced  box  I  is  attached,  which  is  provided  with  a  series  of  in¬ 
clines,  so  as  to  spread  the  ore  in  a  continuous  and  even  sheet 
between  the  surface  of  the  rolls.  Magnets  are  attached  to  the 
ieed  chute  to  catch  any  pieces  of  hard  steel  which  may  have 
fallen  into  the  ore  from  broken  tools,  which  might  dent  the 
suiface  of  the  rolls;  iron  will  do  no  injury  to  the  faces. 
The  whole  machine  is  self-contained  and  very  compact,  a 
pair  of  26-in.  rolls  occupying  a  ground  space  of  7  ft.  by 
ft.  The  tyres,  which  for  the  26-in.  roll  weigh  816  lb.  each, 
are  held  in  place  by  two  cast-iron  heads  B,  which  are  slightly 
conical  in  shape.  One  of  these  is  shrunk  on  the  shaft,  the 
other  is  slit  on  one  side  and  slips  on  to  it.  Both  of  the  heads  B 
arc  so  placed  on  the  shaft  that  the  smaller  diameter  will  be 
toward  the  centre.  The  steel  tyre  is  turned  out  on  the  inside  to 
eoi  respond  to  this,  so  that  it  can  be  easily  slipped  over  the  per¬ 
manent  bead  and  the  loose  one  brought  up  to  it.  The  two  are 
securely  fastened  together  by  bolts  K,  so  that  when  the  movable 
head  is  drawn  up  to  the  permanent  one,  the  slit  in  it  closes,  and 
makes  it  perfectly  tight  on  the  axle.  It  was  thought  at  first 
that  the  steel  tyres  would  wear  unevenly,  but  they  do  not. 
When  the  tyres  are  worn  thin,  they  become  loose  ;  they  can  then 
be  very  easily  removed  and  others  substituted.  To  prevent  loss 
of  time  it  is  a  good  plan  to  have  duplicate  rolls,  so  that  there  may 
be  no  delay  when  the  tyres  are  worn  out,  as  the  putting  on  of 
a  new  set  requires  but  a  short  time.  Movable  cheek  pieces  are 
placed  at  each  end  of  the  rolls  to  keep  the  ore  from  spreading 
sideways.  These  cheek  pieces  are  also  adjustable. 
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It  has  been  said  that  any  accident  to  the  rolls  would  involve 
the  stoppage  of  the  whole  mill,  while  in  the  case  of  stamps,  only 
one  battery  of  five  stamps  would  be  hung  up.  This  objection, 
however,  falls  to  the  ground,  for  it  has  been  found  that  accidents 
to  the  rolls  are  extremely  rare,  and  that  repairs  can  be  very 
quickly  made,  while  the  power  is  much  more  advantageously 
used  than  in  stamps,  besides  this  the  greater  capacity  of  rolls  has 
led  to  the  use  of  storage  bins  in  which  to  accumulate  pulverized 
ore,  so  that  the  rolls  are  run  but  twelve  hours  per  day. 

The  rolls  are  usually  arranged  in  sets  of  two.  One  of  these 
receives  the  coarse  ore  from  the  crusher,  which,  after  passing 
them,  falls  on  a  screen  of  determined  size.  What  does  not  pass 
goes  to  a  second  pair.  What  passes  the  screen  goes  to  treatment. 
When  very  fine  crushing,  is  required  three  pairs  of  rolls  can  be 
used,  but  generally  two  sets  are  sufficient.  The  use  of  band 
wheels  to  drive  the  rolls  in  the  place  of  gearing,  as  formerly 
used,  not  only  simplifies  the  machine,  but  allows  the  rolls  to  be 
run  at  a  higher  speed,  and  they  are  therefore  capable  of  doing 
more  work.  The  bolts  which  take  the  strain  and  the  swinging 
pillow-blocks  which  keep  the  rolls  parallel  secure  a  uniform  pro¬ 
duct.  The  arrangement  of  the  hopper  for  spreading  the  ore  evenly 
across  the  faces  of  the  rolls,  and  the  ease  with  which  the  t)  res 
can  be  renewed,  secures  the  least  wear  for  the  greatest  output. 
The  method  of  drawing  off  the  dust  by  a  fan  protects  both  men 
and  machinery  from  injury.  The  space  occupied  by  the  rolls  is 
exceedingly  small  for  the  work  done.  Below  is  given  the  w  eighth 

of  the  different  parts  of  the  26-in.  and  the  30-in.  rolls. 

lb.  lb. 


1  stationary  pillow-block 
1  »>  >>  >» 

1  b  winging  ,,  ,, 

2  rolls  with  their  shafts 
Housing  with  hopper 

7- ft.  driving  handwheel 

8- ft.  „ 

42-in.  pulley 
48-in.  ,, 

Bedplate  . 

Forgings,  bolts,  &c. 


26  in. 

30  in. 

400 

500 

500 

GOO 

1700 

2090 

4400 

0400 

700 

800 

1700 

— 

_ 

2000 

333 

— 

_ 

370 

3400 

4730 

1080 

1120 

14,219  18,010 
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The  rolls  are  made  of  three  sizes,  with  varying  lengths  and 
diameters.  These  are  22  in.,  26  in.,  and  30  in.  in  diameter,  and 
14  in.,  15  in.  and  16  in.  long.  It  has  been  suggested  that  they 
should  be  made  longer,  but  there  is  no  practical  advantage  in 
making  them  so.  In  considering  their  efficiency  and  capacity, 
we  must  take  into  consideration  that  the  whole  of  the  surface 
of  the  faces  of  the  rolls  is  fitted  to  act  on  the  ore,  since  they 
are  even  and  parallel  and  wear  so.  The  ore  escapes  from 
the  rolls  by  gravity  just  as  soon  as  it  is  crushed  fine  enough 
to  fall  through  the  space  between  them.  If  the  feeding  is  auto¬ 
matic,  or  even  when  it  is  not,  there  can  be  no  clogging  of 
them  possible.  In  order  to  compare  them  with  stamps,  the 
surfaces  actually  in  contact  at  any  given  moment  must  be 
compared.  A  30-stamp  mill,  with  stamps  weighing  850  lb. 
dropping  ninety  times  a  minute,  with  shoes  and  dies  8  in. 
in  diameter,  which  have,  in  round  numbers,  50  square  inches 
of  surface,  will  have  50x90x30  =  135,000  square  inches  of 
surface  acting  on  the  ore  every  minute.  It  may  be  considered 
that  two  sets  of  22-in.  rolls  will  have  an  average  diameter  of 
21  in.  If  these  rolls  make  80  revolutions  per  minute,  and  are 
14  in.  face,  they  will  have  a  contact  surface  of  141,120  square 
inches  per  minute,  or  a  little  more  than  a  30-stamp  mill.  If  the 
number  of  revolutions  is  increased  to  100,  the  capacity  is  brought 
up  to  171,000  square  inches  of  surface,  a  little  less  than  a 
38-stamp  mill,  whose  capacity  is  176,400  square  inches  of  surface. 
If  the  diameter  of  the  rolls  is  increased  to  26  in.,  with  15  in.  of 
face,  the  average  diameter  may  be  considered  as  24  in.  If  they 
make  80  revolutions  a  minute,  the  face  surface  will  be  162,800 
square  inches,  equal  to  the  surface  of  a  36-stamp  mill.  If  the 
number  of  revolutions  of  this  same  roll  is  increased  to  100,  the 
surface  capacity  is  the  same  as  that  of  a  48-stamp  mill.  If 
the  diameter  is  increased  to  30  in.,  taking  the  average  as  28  in., 
and  the  length  of  face  16  in.,  and  the  number  of  revolutions 
80,  the  surface  capacity  will  be  equal  to  47  stamps,  and  at  100 
revolutions  to  60  stamps.  If  in  each  of  these  cases  where  two 
sets  of  rolls  have  been  considered,  a  third  set  is  added,  the 
capacity  will  be  increased  33.3  per  cent.,  and  if  four  sets  are  used, 
doubled.  These  calculations  are  made  on  the  supposition  that 
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the  surfaces  acting  are  of  equal  efficiency  in  both  stamps  and 
rolls,  and  are  for  that  reason  more  favourable  to  the  stamps  than 
actual  practice  shows.  With  rolls  properly  constructed  the  pres¬ 
sure  is  constant  at  each  instant  of  time,  while  with  stamps,  on 
account  of  the  varying  height  of  the  ore  in  the  mortar,  the 
cushioning  of  the  stamp  against  the  ore,  and  the  fact  that  the 
stamp  must  not  only  crash,  but  also  force  the  ore  through  the 
screens,  it  never  can  be  coastant.  Actual  practice  in  the  mills 
has  shown  that  the  output  of  the  rolls  is  always  larger  than  that 
given  by  these  calculations.  That  the  work  can  be  done  as  well 
with  small  rolls,  which  are  very  compact  and  take  up  only  a  little 
space,  as  with  stamps  which  occupy  a  much  larger  one,  is  shown 
by  the  experience  of  the  mills  where  they  are  used ;  that  they 
can  crush  as  fine  is  shown  by  the  fact  that  rolls  are  now  being 
used  to  crush  after  the  stamps. 

Formerly  the  power  was  applied  to  the  rolls  by  gearing,  which 
was  constantly  liable  to  get  out  of  order,  and  limited  the  speed 
at  which  it  was  possible  to  run.  Pulleys  are  now  used,  a  belt 
passing  over  both  the  large  and  the  small  wheel.  This  allows  of 
attaining  a  speed  of  80  to  100  revolutions  a  minute,  or  higher  if 
desirable,  a  speed  entirely  impracticable  with  gear.  The  capacity 
of  the  rolls  is  thus  increased,  while  the  wear  is  confined  almost 
entirely  to  the  crushing  faces.  It  does  away  with  the  noise  of 
the  gearing  and  reduces  the  risk  of  breakage  almost  to  nothing. 
Both  rolls,  when  the  machine  is  in  operation,  travel  with  the 
same  speed  of  surface,  but  the  small  one,  H,  is  so  speeded  that 
when  there  is  no  ore  between  the  rolls  it  travels  one  or  two 
revolutions  per  minute  faster  than  the  large  one.  The  reason 
why  this  double  system  was  adopted  is  that  one  of  the  rolls  being 
movable  and  the  other  stationary,  it  would  not  be  a  good  con¬ 
struction  to  place  a  large  pulley  on  a  movable  pillow-block.  When 
ore  is  between  the  rolls  a  single  actuated  roll  will  cause  the  othei 
lo  revolve,  so  that  if  most  of  the  power  to  do  the  work  is  applied 
*o  tbo  large  wheel  only  a  small  part  of  it  will  be  necessarj  to  in 
sure  that  the  other  roll  will  always  bite  when  fed  with  ore  and  be 
^ept  in  motion  if  the  ore  should  for  an  instant  fail.  It  ^ill 
seen  also  that  the  strain  on  the  rolls  is  taken  upon  the  bolts  J,  an 
tha t  by  the  use  of  the  two  bolts  J  and  M  with  the  nuts  N,  all  of 


218 


Wear  of  Rolls. 


which  are  provided  with  double  nuts,  no  pounding  action  is 
possible.  The  defect  of  all  the  other  rolls  has  been  that  they 
did  not  provide  against  this  pounding  movement,  and  that  they 
have  been  too  light  in  weight  to  do  the  duty  required  of  them. 
Both  of  these  defects  have  been  remedied  in  this  machine.  The 
surprisingly  small  number  of  parts,  all  of  which  are  easily 
accessible,  their  simplicity,  as  well  as  the  small  space  occupied  for 
such  a  very  large  output,  and  the  possibility  of  adjusting  the  dis¬ 
tance  between  the  rolls  at  any  time  in  a  very  few  minutes,  makes 
this  machine,  which  is  entirely  self-contained,  not  only  a  most 
efficient,  but  a  very  economical  one. 

These  rolls  are  now  in  successful  operation  at  the  Bertrand 
and  Mount  Cory  Mills  and  Wenban’s  Mill,  Cortez,  Nevada,  and 
they  are  being  introduced  in  other  mills.  It  has  been  shown 
that  the  two  sets  of  26-in.  rolls  at  the  Bertrand  Mill  can  easily 
crush  150  tons  of  hard  ore  in  twenty-four  hours  so  as  to  pass 
a  16  screen.  How  much  more  they  can  do  is  not  known, 
as  they  have  never  had  full  screen  and  elevator  capacity.  The 
Mount  Cory  Mill  has  crushed  100  tons  in  the  same  time  through 
a  30-mesh  screen.  The  capacity  of  the  best  stamps  on  the  same 
kind  of  ore  would  be  about  2  tons  per  stamp,  which  shows  the 
rolls  equal  to  a  50-stamp  mill.  At  the  Bertrand  Mill  9000  tons 
of  ore  were  crushed  with  no  outlay  for  repairs,  with  the  expendi¬ 
ture  of  less  than  one-half  the  power  required  to  do  the  same  work 
in  a  stamp  mill,  while  the  total  expense  for  wear  has  been  onh 
about  one-quarter  of  that  of  a  stamp  mill.  At  this  mill  15,000 
tons  of  ore  passed  the  fine  crushing  rolls  before  new  tyres  were 
necessary.  After  crushing  20,000  tons  the  coarse  crushing  tyres 
were  still  good  for  two  months  wear.  They  consider  that  each 
set  of  rolls  with  a  set  of  repair  linings  of  composition  metal  wi 
be  capable  of  crushing  20,000  tons  ;  the  only  expense  for  repairs 
being  the  tyres  and  the  cheek  pieces.  The  cost  for  the  steel  for  a 
set  of  26-in.  rolls  during  1885  was  : 

Two  sets  of  tyres .  $S2A 

Freight  on  3204  lb.  at  $0.03  .  1,8 

Composition  liners  for  journals  and  cheek  pieces  ...  *^0 

$722 

Or  per  ton  of  ore  treated . $9.0361 
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To  make  a  comparison  between  the  efficiency  of  rolls  and 
stamps  the  possible  output  and  the  cost  of  doing  the  work  must 
be  considered.  The  quantity  of  material  which  can  be  treated 
in  any  given  time  will  depend  on  the  amount  of  actual  crushing 
surface  which  is  in  contact  at  each  moment  of  time.  It  is 
evident  that  that  machine  will  be  the  most  efficient  which 
presents  the  greatest  amount  of  such  crushing  surface.  The 
cost  depends  on  the  amount  of  power  required  to  do  the  work 
and  the  expense  of  repairing  the  wear  and  tear  of  the  ma¬ 
chine  and  keeping  it  up  to  its  greatest  efficiency.  The  cost  will 
be  greatest  when  any  part  of  the  power  is  badly  expended  or 
wasted,  and  when  the  number  of  parts  to  the  machine  is  so  large 
as  to  make  the  construction  or  repairs  expensive,  and  when  for 
any  reason  skilled  labour  is  difficult  to  obtain.  For  this  com¬ 
parison  we  will  suppose  that  the  rolls  have  been  used  and  are  worn 
down  to  a  diameter  which  will  represent  the  average  wear  of 
a  26-in.  roll,  and  that  the  rolls  are  15  in.  long,  running  100 
revolutions  per  minute.  The  crushing  surfaces  of  two  such  sets 
of  rolls  in  actual  contact  at  every  instant  of  time  will,  as  we  have 
seen,  be  equal  to  that  of  a  50-stamp  mill  with  shoes  and  dies 
3  in.  in  diameter,  making  ninety  drops  per  minute.  The  action 
of  the  rolls  is  continuous.  They  have  nothing  to  do  but  crush  the 
ore  which  falls  between  them.  If  during  any  instant  of  time  there 
is  no  ore,  the  power  is  stored  up  in  the  lly-wheels  to  be  used  the 
next  moment.  The  power  of  the  stamp  is  spent  in  first  crushing 
the  ore  and  then  forcing  it  out  of  the  screens.  As  the  whole  of 
it  cannot  be  forced  out  at  every  blow,  a  considerable  part  of  it 
will  be  acted  on  several  times  without  passing  the  screen,  and  this 
ore  not  only  consumes  the  force  of  the  blow  of  the  stamp,  but 
cushions  it,  and  thus  still  further  reduces  its  effectiveness.  The 
weight  of  the  stamp  and  the  height  to  which  it  must  be  lifted 
18  a  constant  quantity,  hence  the  power  required  to  move  it  will 
he  constant,  while  the  effectiveness  of  the  blow  depends  on  the 
size  of  the  ore  from  the  crusher,  the  quantity  of  it  in  the  moitar, 
the  effectiveness  of  each  blow  to  force  the  crushed  materia 
°ut-  No  careful  experiments  have  as  yet  been  made  to  find  t 
actual  amount  of  power  exerted  in  a  stamp  mill  to  ciush  t  e 
on]y»  hut  the  stamp  has  so  much  else  to  do  that  it  is  salt 
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that  it  does  not  exceed  50  per  cent,  of  the  power  actually  ex¬ 
pended.  With  the  rolls  held  rigidly  together  the  action  is  constant 
at  any  given  time.  The  power,  if  not  effective,  is  stored,  and  no 
piece  of  ore,  not  crushed,  remains  between  the  rolls ;  it  falls  by 
gravity,  and  is  returned  to  the  roll,  if  too  large,  by  an  elevator. 
No  cushioning  is  possible.  Stamps  have  a  maximum  of  velocity 
which  is  very  soon  reached,  beyond  which  the  fall  is  reduced. 
It  may  be  carried  so  far  that  the  stamp  head  may  be  kept  sus¬ 
pended  in  the  air,  and  consequently  do  no  duty  whatever;  while 
the  increased  speed  of  rolls  always  gives  increased  output, 
although  beyond  a  certain  limit  the  power  may  not  be  so 
economically  expended,  but  there  is  no  cessation  of  action 
possible  as  in  the  stamp.  If  we  make  a  comparison  of  parts 
required  in  the  construction  of  each  machine,  we  shall  find  that 
the  two  machines  of  the  same  capacity  will  have  the  following 
working  parts.  For  the  rolls : 

4  journals  on  two  roller  shafts. 

4  j)illow -blocks  for  journals. 

2  crushing  rollers. 

2  side  plates. 

12  wearing  parts  for  one  set  of  rolls. 

Or  24  parts  for  two  sets  of  rolls. 

All  these  parts  are  made  so  strong  that  they  are  not  liable  to 
break,  and  the  wear  is  not  rapid.  They  can  all  be  easily  replaced, 
and  all  are  easily  accessible  at  any  time.  A  50-stamp  mill  has 

15  journals. 

5  cam-shafts. 

15  bearing  boxes  for  journals. 

50  stems. 

100  guide  boxes  for  stems. 

50  stamp  heads. 

50  shoes. 

50  dies. 

50  cams  witli  keys. 

50  tappets. 

Or  435  working  parts. 

All  of  these  parts  are  subjected  to  rapid  wear,  many  of  them 
aie  liable  to  break,  and  it  requires  much  time  to  watch  them,  for 
if  left  to  take  care  of  themselves  a  break  or  a  jam  would  cause 
much  damage.  Most  of  them  are  accessible  to  make  repairs,  one 
or  more  of  the  stamps,  or  even  batteries,  may  be  hung  up  to 
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make  thorn,  and  while  any  single  repair  does  not  consume  much 
time,  the  multiplicity  of  them  in  the  course  of  a  year  does.  The 
screens  have  not  been  considered,  as  they  are  common  to  both 
machines,  although  as  they  receive  part  of  the  blow  of  the  stamp 
which  thrusts  the  crushed  ore  against  them  with  considerable 
force,  they  must  wear  more  rapidly  in  the  stamp  mill  than  in  the 
roll  where  the  ore  flows  on  them  only  by  gravity.  This  simple 
comparison  of  the  parts  speaks  for  itself. 

It  has  been  found  by  experience  that  the  condition  of  the 
crushed  ore  from  rolls  makes  the  pulp  much  better  suited  for 
lixiviation,  which  seems  to  be  the  process  of  the  future,  than 
that  from  the  stamps,  as  the  particles  of  ore  coming  from  the 
rolls  are  not  only  more  uniform  in  size,  but  contain  much  less 
dust,  which  interferes  with  the  rapid  and  effective  passage  of  the 
solutions.  It  has  been  found,  too,  that  in  chlorurising  roasting 
in  mechanical  furnaces  previous  to  amalgamation,  great  fineness 
of  the  ore  is  unnecessary,  except  in  the  rare  case  when  the 
precious  metal  is  very  tine  and  is  evenly  distributed  through 
the  gangue,  so  that,  with  the  exception  of  this  single  case,  rolls 
seem  to  give  the  most  favourable  results. 

To  compare  the  wear  and  tear  of  the  stamp  mill  and  of  the  rolls 
running  at  full  capacity,  it  may  be  assumed  that  they  are  in  each 
a  constant  quantity  for  any  twenty-four  hours,  as  is  shown  by  the 
experience  of  the  following  mills  working  on  very  different  ores, 
and  having  a  very  different  capacity. 

°  J  r  J  Number  of 

Kind  of  Number  of  Weight  of  Drops  per 
Ore.  Screen.  Stamp.  Minute. 
Manhattan  Mill,  Nevada  ...  hard  50  1000  100 

Ontario  Mill,  Utah .  soft  30  850  32 

In  these  two  mills  the  wear  and  tear  for  actual  horse-powei 
expended  was  very  nearly  the  same  over  a  period  of  se\eral 
months. 

The  wear  of  rolls  is  almost  exclusively  confined  to  the  steel 
tyres  and  cheek  pieces,  that  of  the  battery  to  the  great  number  of 
parts  enumerated  above.  Something  over  80  per  cent,  of  the  steel 
°f  the  rolls  can  be  safely  used  in  crushing  before  it  is  nece  ssar) 
put  on  new  tyres.  Generally  it  is  not  safe  to  wear  ofi  11101  e 
than  50  to  00  percent,  of  the  shoes  and  dies  before  replacing  thu 
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On  account  of  the  number  and  complicated  nature  of  the  parts  of 
the  battery,  skilled  labour  has  to  be  used  to  a  considerable  extent 
while  only  a  nominal  amount  of  it  has  to  be  used  with  the  rolls. 
Every  one  who  has  ever  seen  a  mill,  knows  how  often  the  stamps 
have  to  be  hung  up,  while  rolls,  if  they  are  made  strong  enough 
at  the  outset,  require  little  or  no  repair  except  the  change  of  tyres, 
which  is  quickly  done  and  at  long  intervals. 

The  statistics  of  the  wear  of  rolls  is  as  yet  confined  to  the  ex¬ 
perience  of  the  Bertrand  Mill  and  Mount  Cory  Mill,  and  while  it  is 
not  generally  safe  to  draw  conclusions  from  very  small  data,  the 
comparison  in  this  case  may  be  safely  made  if  all  the  circum¬ 
stances  are  taken  into  consideration.  The  rolls  were  introduced 
in  the  Bertrand  Mill  on  the  idea  that  the  ore  should  be  made  to 
pass  a  30-mesh  screen ;  when  they  found  it  advisable  to  crush 
coarser,  no  appreciable  difference  was  noticed  in  the  output  of  the 
rolls,  because  the  screening  and  elevating  capacity  was  not  in¬ 
creased.  This  had  been  calculated  for  only  60  tons  in  twenty-four 
hours.  When  the  screen  and  elevator  capacity  was  increased,  the 
output  went  up  at  once  to  50  tons  in  twelve  hours,  it  being  still 
limited  by  the  screens  and  elevators.  This  has  led  to  the  practice 
of  using  the  rolls  in  the  daytime  only,  since  they  have  now  reached 
the  capacity  of  the  leaching  plant.  This  of  itself  is  a  great  boon 
to  the  men,  as  it  makes  them  work  day  shift  only.  From  this  it 
will  be  seen  that  we  do  not  actually  know  what  the  capacity  of 
the  rolls  Is,  that,  in  any  case,  as  their  output  has  been  limited  by 
the  capacity  of  the  screens,  the  capacity  so  far  attained  will  be  a 
minimum.  At  the  Bertrand  Mill  two  sets  of  rolls  crushed  20,000 
tons  of  ore  through  screens  varying  from  30  to  16.  These  same 
sized  rolls  have  a  capacity  of  100  tons  in  twenty-four  hours 
crushed  to  pass  a  30-mesh,  or  150  tons  to  pass  a  16-mesh  screen. 
Estimating  the  actual  wear  as  250  days,  the  cost  of  the  wear 


will  be : 

Two  sets  of  steel  tyres  at  New  York .  $524.00 

Freight  on  3204  lb.  at  3  cents .  08.00 

Total  wear  ...  ...  $022.00 

The  wear  for  twenty-four  hours’  work  will  be : 

For  steel  tyres  .  $2.48 

Other  wear,  screens,  supplies  and  lubricants  (maximum)  1-75 

Wages  for  repairs  (maximum) .  1.25 

$5.48 
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It  is  not  yet  possible  to  make  an  accurate  comparison  of  the 
cost  of  working  by  stamps  and  rolls.  The  stamp  mill  has  been 
used  so  long,  that  there  is  plenty  of  data  for  it,  but  rolls  have 
been  so  recently  introduced  for  metallurgical  purposes,  and  have 
been  used  on  a  large  scale  in  so  few  mills,  that  sufficiently 
accurate  data,  for  all  the  cases  to  be  considered,  has  not  as  yet 
been  accumulated.  For  the  purpose  of  a  comparison  of  expense 
we  will  say  that  two  sets  of  2 6 -in.  rolls  are  equal  in  capacity  to 
30  stamps  instead  of  50,  as  we  have  above  shown,  with  stamps 
weighing  850  lb.  to  900  lb.,  dropping  90  to  95  drops  a  minute, 
with  a  fall  of  from  7  in.  to  9  in.  It  has  been  found  at  the 
Bertrand  Mill  that  two  sets  of  26-in.  rolls,  with  the  consump¬ 
tion  of  four  cords  of  wood,  will  crush  100  tons  of  moderately 
hard  quartz  ore  in  twenty-four  hours  so  that  it  will  pass  a 
No.  16  screen.  A  30-stamp  mill  to  do  the  same  work  will  con¬ 
sume  six  cords  of  wood.  We  will  suppose  that  the  conditions 
of  labour  and  prices  of  material  at  both  mills  are  the  same.  An 
ordinary  stamp  battery,*  including  hardwood  screens,  frames, 
guides,  pulleys  on  the  cam  shafts,  Tullock’s  feeders  with  iron 
hoppers  and  necessary  bolts,  weighs  about  90,600  lb.,  and  costs 
in  Chicago  $5850.  The  frame  takes  about  36,000  feet  of  timbei. 
The  expense  of  the  stamp  battery,  not  including  elevators,  con¬ 
veyers  and  revolving  screens,  which  are  common  to  both,  will  be . 


Plant  at  the  foundry  . . . 
F reight  to  locality 

Lumber . 

Cost  of  setting  up 


Cost  of  building  in  excess  over  a  building  for  rolls 
Cost  of  engine  boilers  in  excess  over  rolls  ... 


$5,850.00 
2,7 18.00 
1,800.00 
4,000.00 


$14,308.00 

1,500.00 

1,250.00 

$17,118.00 


The  amount  of  lumber  required  for  the  rolls  is  nomina . 
the  machine  has  but  few  parts,  the  labour  of  setting  it  up  \\ 
nominal.  The  weight  of  one  set  of  26-in.  rolls  is  14,700  > 

the  cost  in  New  York  is  $2250.  They  require  one  se 
Weighing  about  1000  lb.,  say,  costing  $200  ;  theiefore, 

*  “  Production  of  Gold  and  Silver  in  the  United  States.  Washing 
1883»  P.  740. 
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The  cost  of  two  sets  of  2G-in.  rolls  and  one  automatic  feeder 

$4,700 

Freight . 

012 

Cost  of  setting  up,  including  lumber . 

700 

Total 

$0,312 

Difference  in  favour  of  rolls 

. 

$10,800 

For  the  wear  o£  the  stamp  the  data  has  been  taken  from  the 
Manhattan  and  Ontario  Mills,  whose  statistics  have  been  given 
above,  and  the  Lexington  during  the  first  year’s  run.  Making 
a  little  allowance  for  the  extra  breakage  from  the  heavy  stamps 
at  the  Manhattan,  and  the  absence  of  it  from  the  newness  of  the 
Lexington,  the  following  estimate,  which  appears  impartial,  but 
the  correctness  of  which  time  only  can  show,  has  been  made  * 
Wear  of  a  30- Stamp  Battery  for  Twenty  four  Hours  Running  Time. 


Wear,  breakages,  supplies,  screens,  and  lubricants  ...  $11.50 

Wages  for  repairs .  5-^0 

Total  cost .  S1?  00 

The  cost  is  distributed  as  follows : 

Wear  of  shoes  and  dies  ...  ...  ...  ••• 

Tappets,  bosses,  cams,  stems,  shafts,  flanges,  and  boxes  38 
Screens,  screen  frames,  battery  guide,  lubricants,  car¬ 
penter  and  machine  supplies  . . 22 


$100 

The  wear  and  tear  of  rolls  has  been  found  to  be  SG.45.  The 
difference,  therefore,  in  favour  of  them,  is  S10.55.  Taking  now 
into  consideration  the  interest  and  sinking  fund,  which  should 
not  be  neglected  considering  the  precarious  existence  of  the 
mines,  and  should  not  be  put,  for  that  reason,  at  less  than  15  per 
cent.,  if  we  suppose  that  the  mill  works  350  days  in  the  year,  and 
consider  that  the  mill  will  cost  SI 0,938  more  than  the  roll,  we 
find  that  the  interest  for  the  sinking  fund  account  will  be  S4.G8 
per  day. 

Saving  from  the  me  o/20-iu.  Rolls  as  compared  with  30  Stamps. 


Wear  and  tear  and  repairs  . 

.  811.52 

Interest  and  sinking  fund  . 

.  4.08 

Two  cords  of  wood  at  $0  . 

12.00 

Total  saving  . 

.  828.20 

The  saving  will  probably  be  somewhat  more  than  this,  as  it  has 
been  previously  shown  that  the  crushing  surface  of  the  26-m. 

*  “  Production  of  Gold  and  Silver  in  the  United  States.”  Washington, 
1883,  p.  742. 
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rolls  was  equal  to  that  of  a  50-stamp  mill ;  admitting,  however, 
that  it  was  only  half  that  amount,  the  saving  is  still  sufficient  to 
merit  the  serious  attention  both  of  mill  men  and  engineers.  If 
nothing  more  than  the  freedom  from  dust  and  noise  was  to  be 
gained  and  the  work  was  not  quite  so  well  done,  there  would 
still  be  sufficient  in  favour  of  the  roll  to  make  it  worth  while  to 
use  it,  were  it  only  for  the  compactness  of  the  machine  and  the 
freedom  from  stoppages. 

There  is  an  additional  argument  in  favour  of  the  rolls,  which  is 
that  they  can  be  sent  out  from  the  machine  shop  ready  to  be  set 
up,  and  as  they  are  self-contained  can  be  put  up  ready  for  work  in 
a  very  short  time ;  whereas  the  number  of  parts  to  a  stamp  battery 
are  such  that  it  must  be  sent  out  in  pieces,  and  consequently 
requires  months  to  set  it  up,  supposing  that  its  complicated  foun¬ 
dations  are  all  ready  to  receive  it. 

One  great  difficulty  in  the  way  of  introducing  rolls  as  a  sub¬ 
stitute  for  stamps  is  that  when  people  decide  from  motives  of 
economy  to  adopt  rolls,  they  want  something  very  cheap,  which 
leads  them,  for  the  sake  of  saving  a  little  at  the  start,  into  great 
expense  in  the  end  by  purchasing  a  really  poor  machine.  Nothing 
is  more  costly  than  a  cheap  machine,  when,  as  in  this  case,  the 
economical  result  can  be  obtained  only  by  great  strength  and  supe¬ 
rior  construction.  Even  the  Krom  rolls,  which  are  the  strongest 
and  best  constructed  of  all  the  varieties  now  in  actual  use,  might 
have  their  weights,  in  certain  parts,  advantageously  increased. 
This  remark  applies  equally  well  to  rolls  for  lamination  as  well 
as  for  crushing.  Dead  weight  here  is  an  element  of  strength  and 
not  of  weakness,  as  it  is  in  some  engineering  structures.  What¬ 
ever  else  is  true,  those  rolls  which  are  to  be  successfully  used  in 
ore  dressing  works  must  have  great  strength,  simplicity  of  design, 
all  the  wearing  parts  easily  accessible,  and  so  constructed  that  all 
repairs  can  be  easily  and  quickly  made,  for  they  are  to  be  used 
where  skilled  labour  is  dear,  and  repairs  both  difficult  and 
expensive,  and  as  stoppages  mean  not  only  outlay  for  repairs 
but  cessation  of  output,  and  liability  to  them  means  diminution 
of  capacity,  they  should  be  provided  against  in  every  possible 
way.  From  a  mechanical  point  of  view  it  is  remarkable  that 
rolls  were  not  perfected  many  years  earlier. 
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to  discuss  each  separate  type,  the  general  principles  remaining 
the  same. 

It  may  be  said  that  almost  any  roasting  furnace  that  does  not 
fail  in  its  mechanical  details,  and  the  different  parts  of  which  are 
of  such  light  weight  that  they  can  be  easily  transported  into  the 
districts  where  they  are  to  be  built,  provided  they  are  adapted  to 
the  fuel  which  can  be  obtained  in  the  country,  will,  if  used  with 
ordinary  intelligence,  be  successful.  In  the  early  days  of  these 
appliances  dust  chambers  were  not  used,  and  a  large  quantity 
of  material  was  lost.  When  the  dust  chambers  were  introduced 
the  material  that  was  collected  in  them  was  simply  taken 
out  and  re-treated  as  original  ore.  The  improvements  recently 
made  have  consisted  in  introducing  auxiliary  fires,  so  that  the 
material  once  charged  into  the  furnace  has  not  to  be  handled 
except  as  roasted  material,  the  auxiliary  fire  doing  the  work  of 
roasting  on  the  ore  which  is  carried  over  by  the  draught,  so  that 
the  material  from  the  dust  chambers,  when  it  is  collected,  is  as 
completely  roasted  as  that  taken  from  the  body  of  the  furnace. 
In  the  early  days  great  stress  was  laid  upon  having  the  interval 
between  the  roasting  of  the  ore  and  its  treatment  as  short  as 
possible.  It  has  been  found,  however,  by  recent  experience  that 
this  is  a  mistake,  and  that  a  very  considerable  percentage  of 
chloruration  takes  place  in  the  ore  after  it  has  left  the  furnace, 
provided  it  was  left  in  heaps ;  so  that  the  practice  now  is  to  have 
a  decided  interval  between  the  two.  during  which  time  the 
excess  of  salt  contained  in  the  ore  acts  with  the  greatest  effi¬ 
ciency  on  it,  so  that  the  chloruration  is  raised  more  than  the 
value  of  the  time  lost,  by  allowing  the  material  to  remain  in  a 
heap. 

These  mechanical  furnaces  are  of  two  general  types,  revolving 
cylinders  and  shaft  furnaces.  Of  the  former  there  are  many 
varieties ;  of  the  latter  only  one,  which  bears  the  name  of  the 
inventor  and  is  called  the  Stetefeldt  furnace. 

Bruckner’s  Cylinder. 

Of  the  revolving  cylinder  furnaces,  the  Bruckner  furnace  was 
invented  by  Mr.  William  Bruckner,  and  erected  in  San  Francisco 
in  1864,  was  introduced  into  Colorado  in  1867,  and  since  then 
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lias  been  erected  and  successfully  used  in  most  of  the  silver  and 
gold-producing  States  and  Territories  of  the  West.  It  was  intro¬ 
duced  for  roasting  gold  ores,  and  rendered  the  extraction  of 
90  per  cent,  of  the  gold  possible,  but  it  is  now  almost  exclusively 
used  for  silver  ores,  and  has  rendered  a  real  service  in  the 
working  of  that  metal  in  the  West.  There  are  many  of  them 
in  the  Territories,  which  were  used  in  the  extraction  of  nearly 
one-half  of  the  silver  produced  there  in  the  years  1855-6.  The 
idea  of  this  furnace  was  suggested  to  Mr.  Bruckner  by  experi¬ 
menting  with  two  truncated  cones  to  make  the  ore  fall  from 
the  ends  of  each  of  them  into  the  other  and  return,  and  so  secure 
a  constant  agitation  of  the  ore  by  mechanical  means.  The 
cylinder  may  be  regarded  as  two  such  cones,  and  the  diaphragm 
as  the  points  of  intersection  at  different  intervals  of  their 
revolution. 

It  consists  of  an  exterior  cylinder  of  boiler  iron  12  ft.  long  and 
5  ft.  6  in.  in  diameter,  the  ends  of  which  are  closed,  leaving  an 
opening  in  the  centre  of  each,  2  ft.  in  diameter.  This  opening 
has  a  flange  which  projects  several  inches  on  the  outside.  One 
of  these  openings  connects  with  a  fireplace,  and  the  other  with  a 
flue  leading  to  the  dust  chambers.  In  the  first  furnaces  con¬ 
structed  the  cylinder  was  closed  with  a  head  at  right  angles 
to  it,  having  the  flange  fitted  on  at  right  angles  to  the  head.  The 
ends  of  the  cylinder  are  now  made  conical,  which  simplifies 
the  construction  of  the  interior  of  the  furnace.  The  method 
of  construction  is  shown  in  Figs.  96-100.  About  the  middle  of 
the  cylinder  there  is  an  opening  for  the  introduction  of  the 
charge,  which  is  closed  by  an  iron  door.  Two  bands  with 
square  projections  are  bolted  on  the  outside,  near  the  ends,  each 
one  of  which  turns  on  two  friction  rollers  which  support  the 
cylinder.  The  one  near  the  flue  fits  into  the  wheels,  which  are 
provided  with  flanges  for  the  purpose,  and  prevent  any  tendency 
that  the  cylinder  may  have  to  slip  out  of  place.  The  one  near  the 
fireplace  simply  runs  on  the  friction  rollers.  Between  these  two 
bands,  and  nearest  the  flue,  is  a  circle  of  gearing,  which  is  cast  in 
one  piece  and  carefully  turned,  so  as  to  secure  an  even  revolution. 

It  fits  into  a  spurwheel,  which  gives  the  motion  to  the  furnace. 
The  gearing  should  be  compound,  so  as  to  allow  of  two  speeds 
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which  are  required  at  different  stages  of  the  process,  and  should 
be  so  arranged  that  where  there  are  a  number  of  cylinders,  any 
one  of  them  may  be  stopped  at  pleasure  without  interfering  with 
the  others.  In  order  to  provide  against  the  possibility  of  settling, 
each  journal  box  of  the  friction  rollers  is  held  in  position  by  adjust¬ 
able  screws,  so  that  it  can  be  moved  laterally  or  perpendicularly. 

Passing  through  the  cylinder  from  side  to  side  are  six  pipes, 
which  make  a  diaphragm  in  the  form  of  a  grate.  They  are 
inclined  at  an  angle  of  15  deg.  to  the  axis  of  rotation,  making  at 
the  same  time  an  angle  of  30  deg.  to  35  deg.  to  the  plane  of  this 
axis,  as  is  shown  in  Fig.  99.  The  tubes  of  the  diaphragm  pass 
through  to  the  outside,  so  that  air  constantly  circulates  through 
them.  It  was  expected  that  the  cooling  of  the  air  and  the  formation 
of  a  scale  would  protect  them  from  the  action  of  the  sulphurous 
vapours  ;  this  has  proved  not  to  be  the  case.  The  object  of  the 
diaphragm  is  to  force  the  charge  to  continually  move  backward 
and  forward  from  one  end  of  the  furnace  to  the  other  ;  to  raise  it 
as  the  furnace  revolves  and  allow  it  to  fall  down  through  the 
interstices  of  the  bars,  so  as  to  expose  the  largest  amount  of  the 
ore  to  the  action  of  the  fire.  The  whole  interior  of  the  cylinder 
is  lined  with  one  layer  of  ordinary  red  brick  laid  flat  and  set  in 
mortar  made  of  one  part  fireclay  and  two  parts  firebrick  thoroughly 
mixed  and  beaten  together.  At  the  Pelican  Mill  the  lining  is 
anchored  by  means  of  irons  bolted  for  that  purpose  to  the  iron 
casing  of  the  cylinder.  The  brick  is  cut  upon  one  side  in  order 
to  form  a  complete  arch  in  the  interior  of  the  furnace.  At  the 
Niederland  Mill  the  brick  is  put  in  without  shaping,  and  each 
half  cylinder  wedged  from  the  diaphragm,  so  that  no  anchorage 
is  necessary.  The  neck  bricks  are  moulded  for  the  purpose.  The 
time  that  the  lining  will  last  depends  upon  the  care  with  which  it 
is  put  in.  If  well  laid  in  good  fireclay  mortar  it  will  generally 
last  a  year  and  a  half  without  loosening;  it  usually  becomes 
quickly  coated  with  a  crust  of  sintered  ore,  which  protects  it  from 
abrasion. 

In  the  early  construction  of  the  furnace  the  ends  were  closed 
by  rectangular  pieces,  and  the  lining  was  made  conical  to  reduce 
it  to  the  proper  size.  This  was  found  to  complicate  the  construc¬ 
tion  and  necessitated  frequent  repairs.  The  ends  of  the  cylinder 


BrucJcner's  Cylinder. 


233 


are  now  made  conical  and  the  lining  made  of  the  same  thickness 
throughout.  The  weight  of  the  cylinder  is  thus  considerably 
reduced,  and  repairs  to  the  lining  are  much  less  frequently  neces¬ 
sary.  In  the  furnaces  first  built  the  cylinder  was  set  on  a 
foundation  of  masonry  and  the  rollers  supported  on  timbers. 
This  construction  caused  so  much  trouble  that  it  is  now  supported 
on  a  cast-iron  frame  which  is  carefully  adjusted  before  it  leaves 
the  shop,  thus  greatly  simplifying  the  erection  of  the  furnace  at 
the  works.  The  projecting  flanges  fit  loosely  into  the  firebox  at 
one  end  and  into  the  flue  at  the  other.  Over  the  lower  part  of 
the  flue  end  a  piece  of  sheet  iron  is  placed  inclined  so  as  to 
throw  any  ore  which  might  tend  to  escape  through  the  opening 
between  the  cylinder  and  the  flue,  back  into  the  furnace.  Exactly 
opposite  to  the  opening,  a  door  is  placed  in  the  flue  so  that  the 
working  of  the  furnace  may  be  examined  at  any  time.  The  fire¬ 
place  may  be  built  entirely  of  masonry,  or  the  sides  may  be  made 
of  boiler  plate  tied  with  rods  and  lined  with  brick,  the  roof  being 
arched  with  brick  without  any  ironwork  above  it  except  the  tie- 
rods.  It  is  usually  6  ft.  long  and  3  ft.  2  in.  wide.  The  height 
from  the  grate  to  the  roof  at  the  door  is  2  ft.  2  in.,  and  at  the 
neck  of  the  furnace  3  ft.  8  in.  It  generally  lasts  from  six  to 
eight  months.  The  outside  iron  boxes  have  lasted  two  years, 
but  have  sometimes  been  burned  out  through  carelessness  in  a 
shorter  time.  A  circular  opening  is  made  in  the  back  part  6  in. 
above  the  grate,  to  admit  of  the  entry  of  the  neck  of  the  cylinder. 

The  throat  of  the  furnace  is  lined  with  firebrick.  Each 
cylinder  has  its  own  dust  chamber,  which  is  cleaned  on  Sunday. 
At  the  Niederland  Mill  the  fine  dust  goes  into  a  flue  40  ft.  long, 
G  ft.  high,  and  7  ft.  wide.  The  coarse  dust  falls  into  a  receptacle 
made  for  that  purpose  near  the  furnace,  and  is  drawn  out  in  a  box 
below.  The  flue  passes  under  the  drying  floor  and  furnishes  part 
of  the  heat  used  there.  The  amount  of  fine  dust  caught  is  10  tons 
in  the  dust  chamber,  and  10  tons  in  the  drying  kiln  flue  per  month. 
In  addition  to  this  5  tons  of  the  coarser  variety  are  taken  from 
the  boxes  at  the  mouth  of  the  flue.  The  coarse  particles  are  put 
back  at  once  into  the  furnace.  The  dust  contains  on  an  average 
32  oz.  of  silver.  When  there  is  enough  collected  for  a  charge  it  is 
treated  by  itself  with  a  little  ore  and  salt.  At  the  Pelican  Mill 
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the  amount  is  1500  lb.  for  each  pair  of  cylinder  per  week  for  the 
heavy  ores.  \\  ith  light  ores  it  is  10  per  cent.  less.  Sometimes 
n  steam  jet  is  introduced  into  these  chambers,  with  the  object 
of  moistening  the  fine  dust,  and  causing  it  to  fail. 

The  line  shaft  which  runs  the  furnace  should  make  about 
twenty-four  revolutions  per  minute.  It  takes  about  three  horse¬ 
power  to  drive  one  furnace.  As  much  of  the  furnace  as  is  possible 
should  be  made  of  wrought  iron,  as  castings  are  not  so  strong  and 
much  heavier,  and  when  it  is  desirable  to  erect  furnaces  in  regions 
v  hich  are  not  very  accessible  they  increase  the  expense.  The 
total  weight  of  all  the  ironwork  is  1G00  lb.  It  is  all  made  at 
Chicago  or  Cincinnati,  and  sent  out  to  the  works. 

Any  kind  of  ore  may  be  treated  in  the  furnace,  but  the  higher 
the  percentage  of  sulphur  and  galena  the  smaller  the  quantity  that 
can  be  roasted  in  twenty-four  hours.  Many  of  the  ores  of  Colorado 
aie  very  refractory,  containing  large  quantities  of  lead,  zinc,  and 
sulphur.  They  are  very  difficult  to  treat  owing  to  the  tendency 
vhich  they  have  to  form  either  fusible  compounds,  to  clinker, 
or  at  least  to  cake,  and  thus  form  masses  which  are  not  affected 
b}  salt,  and  must  be  re-treated.  The  greater  the  amount  of 
sulphur  in  the  ores  the  longer  the  time  it  takes  to  treat  them. 
The  difficulty  is  greatly  increased  with  the  tendency  of  the  ore 
to  cake.  All  ores  must  be  crushed  fine  before  they  are  charged. 

As  soon  as  the  previous  charge  has  been  withdrawn  from  the 
furnace  it  is  ready  for  a  fresh  charge.  It  is  at  a  dull  red  heat 
from  the  previous  charge,  or  is  brought  into  that  condition 
1  evolving  at  the  rate  of  one-half  to  one  turn  a  minute.  It  is  then 
brought  into  position  with  the  charging  door  up,  and  stopped. 

1  he  ore,  which  is  stored  in  bins  in  the  story  above,  is  charged  from 
a  hopper  through  a  long  flexible  conduit,  which  is  brought 
directly  over  the  charging  hole  and  the  charge  introduced.  The 
weight  of  the  charge  is  very  variable,  and  depends  upon  the 
nature  of  the  ore.  At  the  Niederland  Mill,  in  Carabou,  where 
the  ore  contains  5  per  cent,  of  galena,  4  per  cent,  of  blende,  and  2 
per  cent,  of  copper  pyrites,  or  a  total  of  only  11  per  cent,  mineral 
matter,  the  charge  is  3700  lb.  as  a  maximum.  At  the  Pelican 
Mill,  where  the  ore  contains  15  to  16  per  cent,  of  galena  and 
pyrites,  and  sometimes  as  high  as  15  per  cent,  of  blende,  or  30  per 
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cent,  of  mineral  matter,  the  charge  is  rarely  higher  than  3500  lb., 
and  sometimes  considerably  less.  These  ores  are  very  difficult  to 
treat  on  account  of  the  very  large  quantity  of  blende.  The  size 
of  the  charge  is,  however,  not  necessarily  an  indication  of  the 
capacity  of  the  cylinder,  for  the  time  taken  to  treat  the  ore  is  exceed¬ 
ingly  variable,  depending  upon  the  care  that  must  be  taken  with 
it.  The  greater  the  amount  of  mineral  matter  the  larger  the 
amount  of  sulphur  will  be,  and  the  longer  the  time  it  will  take  to 
treat  it.  If  the  ore  is  very  “  light,”  that  is  composed  mostly  of 
oxides,  the  charge  may  be  large  and  the  time  as  short  as  four 
hours.  At  the  Niederland  Mill  it  takes  eight  hours.  If  it  is  very 
“heavy,”  like  those  of  the  Pelican  Mill,  it  will  be  at  least  twelve 
to  thirteen  and  sometimes  twenty  hours.  The  four  cylinders  at 
the  Niederland  Mill  roasted,  in  the  years  1875-6,  nearly  4000 
tons  of  silver  ores.  The  capacity  of  the  cylinder  for  each  variety 
of  ore  is  determined  by  filling  the  cylinder,  so  that  when  the 
ore  has  swelled  to  its  maximum  it  will  just  run  out  of  the  back 
nozzle  of  the  cylinder. 

As  soon  as  the  charge  is  introduced  a  sliding  valve  in  the 
bottom  of  the  hopper  cuts  off  the  ore.  The  cylinder  door  is  then 
closed  and  fastened,  and  it  is  made  to  revolve  one  turn  in  two 
minutes.  For  heavy  ores,  that  is  for  ores  which  contain  a  large 
amount  of  sulphur,  the  cylinder  at  the  time  of  charging  must  be 
very  hot,  in  order  to  get  the  sulphur  burning  as  soon  as  possible, 
which  generally  takes  about  an  hour.  When  the  ores  are  light, 
that  is,  consist  mainly  of  oxidized  products,  they  are  simply  heated 
and  then  chlorurised.  Sometimes,  as  in  the  Niederland  Mill, 
the  salt  is  charged  with  the  ore.  The  sulphur  is  allowed  to 
burn  as  long  as  it  will,  with  as  much  air  as  possible.  The  fire  is 
not  made  active  until  the  sulphur  will  no  longer  burn.  The 
damper  for  each  cylinder  is  shut  down  when  the  ore  is  intro¬ 
duced,  and  is  kept  so  until  the  sulphur  begins  to  burn,  when  it 
is  raised.  With  heavy  ores  the  sulphur  burns  from  three  to  five 
hours,  during  which  time  the  fire  is  only  just  kept  alive  on  the 
grate.  It  requires  from  the  time  the  sulphur  ceases  to  burn  from 
five  to  six  hours  to  complete  the  roasting,  during  this  time  the 
furnace  is  gradually  raised  to  a  red  heat.  It  is  sometimes  found 
advantageous  to  regulate  the  fire  by  having  water  in  the  ashpit 


236 


Briicknei'y8  Cylinder . 

During  all  this  time  the  diaphragm  causes  the  charge  to  move 
backwards  and  forwards.  So  long  as  there  is  any  sulphur  in  the 
ore  it  falls  freely  through  the  diaphragm  and  around  the  furnace. 
When  the  sulphur  commences  to  burn  out,  it  does  not  fall  con¬ 
tinuously,  but  begins  to  break  as  it  falls. 

From  ten  to  twelve  hours  from  the  time  it  is  charged  it  is 
ready  for  salt,  which  is  introduced  through  a  hopper.  For  a 
3500  lb.  charge  not  less  than  200  lb.  or  more  than  250  lb.  of  salt 
are  required,  depending  on  the  richness  of  the  ore.  Soon  after 
the  salt  is  introduced,  the  ore  becomes  spongy  from  the  double 
decomposition  of  the  sulphates  formed  during  the  previous  roast¬ 
ing  chlorine  being  given  off.  When  it  is  chlorurised,  there  is  no 
smell  of  sulphurous  acid.  There  must  be  a  clean  smell  of  chlorine 
given  off'  for  about  half  an  hour  before  the  charge  is  done. 
Samples  are  taken  from  the  door  in  the  back  of  the  flue,  or  with  a 
spoon  on  a  long  iron  rod,  through  the  door  of  the  fireplace,  and  some¬ 
times  by  opening  the  door  of  the  cylinder,  and  allowing  a  certain 
quantity  to  drop  into  the  car  as  it  revolves.  The  chloruration 
varies  from  85  to  95  per  cent.,  according  to  the  ore,  and  the  care 
with  which  it  is  treated.  When  the  same  ore  is  treated  it  is  not 
always  assayed.  In  some  works  the  workman  is  allowed  to  judge 
by  the  eye  and  the  smell  as  to  whether  the  chloruration  is  properly 
done,  which  is  a  very  bad  practice.  It  should  always  be  assayed 
with  hyposulphite  of  soda  at  different  stages  of  the  process. 

When  the  charge  is  finished,  which  is  generally  in  from  four  to 
thirteen  hours  after  the  charge  is  introduced,  an  iron  wagon  is 
run  underneath  the  cylinder  and  the  charging  door  removed.  The 
cylinder  is  allowed  to  revolve,  with  the  fastest  motion,  with  the 
door  open.  The  charge  falls  into  the  wagon  and  is  carried  to  the 
brick  cooling  floor.  At  the  Pelican  Mill  this  wagon  is  5  ft.  6  in. 
long,  34  in.  wide  at  the  top,  and  29  in.  at  the  bottom.  In  some 
works  the  ore  is  dropped  into  a  hopper  beneath  the  furnace,  at 
the  bottom  of  which  there  is  a  screw  or  endless  chain  which 
carries  the  ore  out  into  an  iron  trough  cooled  with  water.  Tins 
avoids  a  considerable  waste  of  time  in  cooling  the  ore  and  some 
labour.  It  takes  from  one  to  one  and  a  half  hours  to  dischaige 
the  cylinder.  The  chloruration  is  alway  higher  when  the  oie  is 
left  for  some  time  in  a  heap  before  it  is  cooled. 
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Before  chloruration  the  Colorado  ores  are  greyish,  and  after 
the  chloruration  they  are  a  brownish  red.  The  whole  art  of 
chloruration  consists  in  putting  in  the  salt  at  the  proper  time, 
while  there  is  still  some  sulphur  in  the  ore.  It  is  then  said  to  have 
a  velvety  look  and  must  be  entirely  free  from  lumps.  The  tem¬ 
perature  should  never  be  so  high  as  to  sinter  the  ore.  This  never 
happens  except  with  green  hands.  It  is  impossible  to  prevent 
some  of  the  ore  from  caking  and  becoming  attached  to  the  sides 
of  the  cylinder.  This  is  scraped  off  and  must  be  crushed  and 
re-treated,  for  which  purpose  the  cylinder  is  charged  with 
30001b.,  500  lb.  of  which  is  raw  ore,  and  with  160  lb.  of  salt. 
The  ore  is  always  screened  on  the  cooling  floor  before  amalga¬ 
mating  it.  The  quantity  of  screenings  is  such  that  one  of  the 
five  cylinders  will  be  run  upon  them  two  days  in  a  week.  The 
exact  quantity  will  depend  largely  upon  how  long  the  hot  ore 
remains  in  the  wagons,  and  how  long  it  remains  in  heaps  on  the 
cooling  tioor  before  it  is  spread  out.  All  heavy  ores  have  a 
tendency  to  cake  in  the  heaps  if  they  remain  for  any  considerable 
length  of  time.  The  scrapings  of  the  five  cylinders,  at  the  end 
of  a  week,  when  working  on  heavy  ores,  will  amount  to  one 
charge.  The  quantity  of  scrapings  depends  on  the  amount  of 
lead  in  the  ore.  With  light  ores  the  cylinders  have  been  run  two 
weeks  without  any  scrapings.  The  scrapings  and  screenings  are 
crushed  together  and  are  always  treated  separately  from  the  ore. 

One  and  a  half  cords  of  wood  is  more  than  enough  at  the  Pelican 
Mill  to  run  two  cylinders  twenty-four  hours  with  very  heavy  ores. 
This  is  three -fourths  of  a  cord  of  fuel  for  3500  lb.  At  the  Nieder- 
land  Mill  they  use  one  and  one-half  cords  to  5  tons  of  ore,  which  is 
still  less,  being  three-tenths  of  a  cord,  but  the  ores  are  quite  light. 
Mr.  Bruckner  states  that  three-quarters  of  a  cord  of  wood,  or 
three-eighths  of  a  ton  of  coal,  must  usually  be  counted  on  for 
ordinary  ores.  The  wood  is  piled  beside  the  cylinders  at  the 
workman’s  hand.  The  two  cooling  floor  men  bring  it  to  the 
cylinders.  The  woods  which  are  generally  used  are  red  spruce, 
which  costs  85  per  cord,  and  bastard  pine,  which  costs  84. 
The  red  wood  gives  a  very  quick  fire,  and  a  great  amount  of 
flame,  which  is  important  for  the  proper  working  of  the  cylinders. 
Five  furnaces  require  one  roaster  and  one  helper  for  a  shift  of 
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twelve  hours,  or  four  men  in  twenty-four  hours.  It  is  very 
questionable  whether  it  is  desirable  to  have  such  long  shifts  in  a 
process  which  requires  such  constant  watching.  With  eight-hour 
shifts  the  men  would  be  less  fatigued  and  much  more  likely  to  do 
the  work  well.  The  cost  of  roasting  at  the  rate  of  20  tons  a  day 
with  four  cylinders  at  the  Carabou  Mill  in  1871  was : 


Two  roasters  . 

$200.00 

One  helper . 

75.00 

104  cords  wood  at  $3.50  per  cord . 

3G4.00 

20  tons  of  salt  . 

1820.00 

Oil  . 

2.50 

Candles  . 

5.50 

Tallow  . 

1.50 

Black  lead . 

1.00 

One-third  power  and  general  expenses  ... 

287.00 

Cost  of  roasting  520  tons  ... 

8275G.50 

>»  ,,  1  ton . 

5.03 

This  is  very  much  less  than  roasting  with 

a  reverberator}’ 

furnace.  The  expenses  for  roasting  light  ores 

in  Georgetown 

with  two  cylinders,  having  an  average  capacity 
hours,  were: 

of  7  tons  in  24* 

One  man  for  two  cylinders  12  hours  at  $3.25  ... 

$0.50 

i  per  ct.  of  salt,  or  980  lb.,  at  3  cents  per  pound 

29.40 

14  cords  of  wood  at  $5  per  cord . 

7.50 

Total  for  roasting  7  tons  of  ore . 

$43.40 

or  for  1  ton  of  ore 

6.20 

The  expenses  for  labour  and  fuel  are  small,  but  vary  somewhat 
in  different  localities.  The  roasting  is  very  uniformly  done, 
occupies  less  time  than  in  a  reverberatory  furnace,  and  costs  less. 

The  only  repairs  required  are  to  the  throat  and  the  diaphragm. 
The  throat  must  generally  be  repaired  once  in  six  weeks  or  two 
months.  In  the  Territories  the  castings  are  usually  made  from 
old  iron  taken  from  all  kinds  of  machinerv  and  furnaces,  which 
has  been  frequently  melted,  without  much  regard  to  quality,  and 
is  \eiy  hard  and  poor.  They  cost  8  cents  per  pound.  They  are 
so  bad  that  the  castings  are  now  always  sent  from  the  East. 
The  time  that  a  diaphragm  will  last  depends  upon  the  quantity 
of  sulphur  in  the  ore.  It  will  usually  last  from  four  to  five 
months  with  very  heavy  ore.  With  light  ores  one  set  will  last  a 
}  eai.  A\  hen  a  tube  of  the  diaphragm  breaks,  the  cylinder  is  still 
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run  for  the  week,  and  new  tubes  are  put  in  on  Sunday,  when  the 
works  stop  for  repairs.  A  great  deal  of  importance  was  at  first 
attached  to  having  the  diaphragm  in  good  order.  It  was  found 
that  the  scale  which  should  protect  it  would  not  always  form,  and 
the  tubes  were  constantly  giving  out  and  being  replaced  by  new 
ones.  At  the  Niederland  Mill  there  had  never  been,  since  it  was 
first  erected,  a  full  set  of  diaphragms  in  the  cylinders;  new 
diaphragms  complete  were  put  in,  but  they  were  rapidly  worn  out, 
and  as  they  broke  the  stumps  were  in  the  way,  and  were  taken  out 
and  not  replaced.  It  is  now  found  that  the  furnace  works  better 
without  them,  and  since  the  use  of  diaphragms  has  been  definitely 
abandoned,  it  is  found  that  the  furnace  works  just  as  well,  and  there 
is  a  great  deal  less  dust  in  the  dust  chambers,  and  with  ores  con¬ 
taining  lead,  fewer  lumps  which  have  to  be  crushed  and  re-roasted. 
The  rotary  motion  of  the  cylinder  appears  to  be  quite  ample  to  in¬ 
sure  sufficient  movement  in  the  ore  to  have  it  thoroughly  oxidized. 
In  the  recent  constructions  of  this  furnace,*  two  and  sometimes 
three  cylinders,  placed  at  different  levels,  discharging  the  one  into 
the  other,  have  been  used  with  great  advantage.  The  operation 
may  be  a  continuous  one  from  one  furnace  to  the  other,  or  sepa¬ 
rate  charges  may  be  treated. 

The  cost  of  one  cylinder  complete,  including  all  the  ma¬ 
chinery  and  ironwork,  with  the  royalty,  is  about  $2500  in 
Cincinnati,  so  that  a  single  furnace  delivered  in  Colorado 
will  not  cost  less  than  $3000  to  $3500,  depending  on  the 
accessibility  of  the  district  where  it  is  to  be  erected.  The 
royalty  on  the  cylinders  has  been  reduced  several  times.  In 
the  year  1874  it  was  $1000. 

The  cost  of  a  double-cylinder  plant  erected  in  Montana  is  given 

below. 

Ironwork  : 

2  cylinders,  20  ft.  by  7  ft. ;  2  fireboxes ;  1  smoke  stack, 

00  ft.  by  30  in. ;  2  conveyors ;  1  hopper  and  driving 
gear;  driving  shaft,  pulleys,  pillow-blocks,  &c.,  com¬ 
plete  .  $5,850.00 

Materials  : 

20  M  firebricks,  at  $22.50  .  $450.00 

10  bbls.  fireclay,  lime,  and  cement  ...  256.00 

-  $706.00 

*  Trans.  Am.  Inst.  Min.  Eng.,  vol.  xiv. 
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Brought  forward  ...  $G, 556.00 

Labour : 

1  machinist  and  2  bricklayers,  20  days  ...  8300.00 

3  helpers,  20  days  . 

Building  : 

Frame  building,  00ft.  by  20ft. 

Freight  : 

40  tons  from  Chicago,  at  2  cents  per  pound... 

Total  cost . 


2,300.00 

1,600.00 

810,996.00 


The  cost  of  roasting  from  20  to  40  tons  a  day  of  refractory  ore 
with  such  a  furnace  is  estimated  as 

2  roasters,  at  84.00  .  88.00 

2  cords  of  wood,  at  $3.00  ...  ...  •  ••  10.00 

Oil  lights,  and  extras  .  2.00 

820.00 


At  the  Anaconda  Works,  in  Montana,*  the  cost  of  roasting 
8J  tons  of  concentrated  ore  in  twenty-four  hours,  containing  37 
per  cent,  to  40  per  cent  of  sulphur,  is : 

2  roasters,  at  $3.50  87.00 

2$  cords  of  wood  11.00 

Oil  lights,  &c .  *20 

818.20 


Cost  per  ton,  not  including  the  cost  of  power,  82.14. 

By  arranging  six  cylinders  as  two  sets  of  three  furnaces 
instead  of  three  sets  of  two,  it  is  estimated  that  the  cost  would  be. 

2  roasters . 

5$  cords  of  wood .  22.00 

Oil  lights,  &c  . 


829.60 

For  exactly  tho  same  ore  and  a  daily  capacity  of  51  tons,  the  cost  per  ton  is 
only  $0.50. 

When  the  furnace  was  first  introduced,  insufficient  experi¬ 
ments  were  made,  and,  like  most  good  things,  more  was  claimed 
for  it  than  could  be  accomplished.  This  put  a  check  on  the 
introduction  of  the  cylinder  for  a  short  time  only.  The 
advantage  of  the  cylinder  is  that  it  does  its  work  well  and 
uniformly,  and  that  the  ore  is  always  under  full  control  of  the 
workmen  ;  that  it  uses  a  small  quantity  of  fuel  and  labour ;  that 
*  “  Engineering  and  Mining  Journal,”  vol.  xli.,  p.  166. 
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the  percentage  of  chloruration  is  high,  and  may  be  carried  to  96 
or  97  per  cent.,  if  sufficient  care  is  taken  ;  that  it  does  not  require 
special  labour,  as  the  process  is  easily  learned  by  any  one ;  the 
men  are  usually  anxious  to  learn  it,  as  they  consider  the  position 
a  responsible  one,  and  that  the  machinery  is  simple,  not  likely 
to  get  out  of  order,  and  easily  repaired  when  it  is  damaged.  It 
is  especially  useful  in  mills  of  small  capacity. 

The  Bruckner  cylinder  was  successful  from  the  start,  because 
the  men  having  no  heavy  work  to  do  could  give  their  entire 
attention  to  the  management  of  the  fire,  and  consequently  had 
leisure  to  watch  the  condition  of  the  ore  more  carefully  than  they 
would  have  done  if  they  had  been  obliged  to  do  the  manual  work 
at  the  same  time.  It  is  true  that  the  condition  of  the  ore  in  the 
reverberatory  furnace  could  be  felt  with  the  tools.  It  is  also  true, 
however,  that  the  work  is  not  likely  to  be  as  well  done  where  the 
men  are  obliged  to  do  heavy  manual  work  and  exercise  great  judg¬ 
ment  at  the  same  time.  The  chloruration  tests  in  the  Bruckner 
cylinders,  where  they  were  managed  with  any  judgment  at  all,  are 
generally  higher  than  those  from  the  reverberatory. 

The  success  of  the  Bruckner  cylinders  made  many  imitators, 
most  of  whom,  either  with  a  desire  to  have  something  original,  or 
to  make  alterations  which  were  not  always  improvements,  have 
changed  either  the  shape  of  the  furnace  very  slightly,  its  method 
of  rotation,  the  shape  of  the  interior  bricks,  length  of  the  furnace, 
and  its  inclination.  As  soon  as  the  success  of  the  auxiliary  fire¬ 
place  in  the  Stetefeldt  furnace  became  known,  some  of  these  added 
the  right  to  use  this  fireplace,  and  have  gained  great  reputation 
for  their  furnaces  by  so  doing.  It  became  evident,  shortly  after 
the  Bruckner  cylinder  was  introduced,  that  the  diaphragm  could 
not  be  maintained.  The  furnace  could  not  stop  after  the  dia¬ 
phragm  became  damaged  or  fell  out  altogether,  and,  in  either 
case,  the  furnace  was  found  to  work  just  as  well  without  it  as 
with  it.  When  it  was  abandoned  a  large  number  of  imitations  of 
it  without  the  diaphragm  were  constructed,  either  to  avoid  the 
royalty  or  to  get  a  new  patent. 

The  Brunton  Furnace. 

In  this  furnace  the  shape  of  the  outside  is  oval ;  the  dia¬ 
phragm  is  omitted.  The  furnace  is  rotated  by  friction  instead 
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The  Pacific  and  the  White  Furnaces . 


of  by  gear.  The  shape  of  the  furnace  is  well  adapted  to  keep  the 
bricks  in,  so  that  there  will  be  less  loss  by  deterioration  of  the 
brickwork.  Furnaces  12  ft.  long  by  C  ft.  in  diameter  have  been 
used.  Such  a  furnace,  including  the  bed-plates  for  the  rollers,  and 
their  gearing,  would  weigh  about  10  tons. 

The  Pacific  Furnace. 

This  furnace  is  a  sheet-iron  cylinder  of  large  capacity,  lined 
with  brick,  and  differing  in  no  way  from  the  Bruckner,  except 
that  it  is  capable  of  treating  a  large  quantity  of  ore  in  twenty- 
four  hours,  7  tons  to  8  tons. 

The  White  Furnace. 

This  furnace  is  cylindrical,  constructed  of  cast  iron  made  up  of 
short  segments  bolted  together  ;  a  brick  lining  is  placed  in  these 
segments,  and  contains  projections  which  cause  the  ore  to  change 
its  place  as  the  cylinder  rotates.  The  cylinder  has  an  inclination 
either  to  or  from  the  chimney  arranged  in  such  a  way  that  it  can 
be  adjusted  at  will.  The  ore  is  charged  either  at  the  flue  or  at 
the  fireplace  according  to  circumstances.  When  charged  at  the 
fireplace  the  results  were  entirely  unsatisfactory.  When  charged 
at  the  flue  the  lighter  material  is  carried  directly  into  a  series 
of  dust  chambers,  so  that  it  is  necessary  to  have  the  auxiliary 
fire  of  the  Stetefeldt  furnace  to  roast  the  dust  which  passes  into 
it.  The  portion  not  carried  oft'  by  the  draught  descends  towards 
the  fireplace,  so  that  it  becomes  heated  progressively  and  is 
discharged  into  a  pit  at  the  end  of  the  furnace  between  it  and 
the  fireplace,  where  it  is  exposed  for  a  considerable  time  to 
the  flames  passing  over  it,  thus  providing  for  the  chloruration 
after  the  material  leaves  the  furnace. 

The  Howell  Furnace. 

This  furnace  consists  of  a  cylinder  which  is  lined  with  brick 
neail^  one-third  of  its  length,  the  other  two-thirds  of  the  cylin- 
der  towards  the  fireplace  being  cast  iron  only.  In  order  to  have 
a  uniformity  of  size  the  part  of  the  furnace  towards  the  fh’e" 
place  is  the  diameter  of  the  thickness  of  the  bricks  greater  than 
the  flue  end.  The  inclined  portion  of  the  cylinder  is  filled  with 
iion  projections,  which  keep  the  ore  constantly  changing  hs 
position  before  it  arrives  at  the  hottest  part  of  the  furnace.  The 
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cylinder  is  23  ft.  2  in.  long,  the  diameter  of  the  iron  shell  varies 
from  22  in.  to  50  in.,  and  of  the  brick-lined  part  from  32  in.  to 
60  in.  The  output  of  the  furnace  is  determined  by  the  number 
of  rotations  permitted,  which  are  adjustable,  and  also  by  the 
inclination.  The  quantity  treated  varies  from  8  tons  to  45  tons, 
depending  on  the  character  of  the  ore  and  the  size  of  the 
furnace.  A  60-in.  furnace  requires  from  six  to  eight  horse-power 
to  run  it.  The  first  Howell  furnace  was  built  at  the  Citizen’s 
Mill  in  Austin,  Nevada,  in  1872.  Abroad  it  has  been  called  the 
Oxland  furnace.  The  preliminary  results  were  not  in  any  re¬ 
spect  more  favourable  than  with  any  other  roasting  furnace, 
but  since  the  addition  of  the  auxiliary  fireplace  the  working  has 
been  excellent. 

Below  are  given  some  of  the  results  of  roasting  with  this 
furnace. 


Average  for  Seven  Days  from  June  17th  to  23rd. 


I. 

II. 

III.  , 

IV. 

Solubility  .  .  .  .  is 

Value  after  leaching  .  §140.10 

Value  of  ore  .  §101.10 

I.  Roasted  ore  from  cylin¬ 

der  .  .  §114.47 

II.  Roasted  ore  from  flue  be¬ 
low  auxiliary  fire  §122.55 

III.  Roasted  ore  from  dust 

chamber  .  §120.00 

IV.  Roasted  ore  from  cham¬ 
ber  outside  .  §126.32 

30 

§175.45 

34 

§183.84 

30 

§180.45 

The  following  Table  gives  the  chlorurations  of  roasted  ore  from 
the  Howell  furnace  and  from  the  flue  and  dust  chambers  directly 


after  drawing : 

Chlorurations 

Chlorurations 

Roasted  Ore 

Roasted  Ore 

from  Cylinder. 

from  Flue  and 

June  8 

Per  cent. 

Chambers. 
Per  cent. 

.  47 

05 

,,  0 

.  50 

07 

„  10  ... 

.  52 

77 

„  11  ... 

.  07 

76 

”  .O  "■ 

.  70 

70 

,,  13 

.  73 

87 

,,  14 

.  52 

83 

,,  15 

.  57 

80 

„  10  ... 

.  70 

70 

R  2 

The  Thomson-White  Furnace. 


Average  of  each  Five  Days  from  June  9th  to  24th. 


Battery 

Sample, 

Value 

in 

Dollars. 

Salt, 

Per  cent. 

- 

Value  of 
Ore  in 
Dollars. 

Value  of 
Car 

Sample 
Roasted 
Ore  in 
Dollars. 

Soluble 

Salts. 

Per  cent. 

Value  of 
Roasted 
Ore  after 
Leaching 
in 

Dollars. 

1  Value  of 
Tailings 

1  from 
'  Settlers 
in 

Dollars. 

112.3G 

18 

136.37 

94.27 

26 

126.88 

I  13.10 

130.84 

19 

100.78 

118.34 

22 

151.74 

!  10.19 

125.19 

18 

153.08 

115.01 

|  22 

146.99  | 

10.19 

Running  half  capacity. 

114.79 

17 

Average  of  Six  Days,  J une  9th  to  14th. 

137.10  94.27  |  25  126.88 

13.19 

The  weight  of  the  cast  iron  of  the  various  parts  of  the  furnace 
is  given  below  : 


10  cylinder  sections 

lb. 

18,000 

4  sole-plates . 

2,020 

4  chairs  . 

1,880 

4  bearing  wheels  . 

1,950 

1  gear  . 

255 

1  pinion  . 

115 

4  shafts 

1,218 

2  pulleys  . 

490 

1  feed-pipe . 

250 

8  end-plates  . 

890 

dashers  and  bolts  for  foundations,  bolts  and 
boxes,  small  bolts  . 

808 

Total 

27,876 

Stetefeldt  feeder  . 

...  Ml  ... 

3,000 

The  Thompson-White  Furnace. 

I  liis  furnace  is  cylindrical,  and  of  the  same  diameter  throughout 
its  entire  length,  and  is  lined  with  tiles  which  are  made  on  purpose 
foi  it,  so  that  each  tile  has  roughly  the  shape  of  a  tooth,  a  hollow 
corresponding  to  the  projection  being  at  the  joint  of  each  brick. 
The  furnace  is  inclined,  and  has  also  the  auxiliary  fireplace,  the 
ore  being  discharged  automatically  at  the  flue.  *  The  angle  of 
the  furnace  is  also  adjustable  at  either  end,  so  that  for  ores  of 
different  characters  it  may  be  changed.  In  order  to  save  the  heat 
lost  by  radiation,  a  layer  of  non-conducting  material  is  placed 
between  the  lining  on  the  tiles.  The  output  of  the  furnace  is 
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The  Stetefeldt  Furnace. 

regulated  by  the  change  of  angle  more  than  by  the  velocity  of 
rotation.  The  furnaces  are  of  four  sizes,  varying  by  3  ft.  from 
21  ft.  to  30  ft.  Their  respective  diameters  are  32  in.,  40  in., 
52  in.,  and  GO  in. 


The  Stetefeldt  Furnace. 

The  Stetefeldt  furnace  is  one  of  the  most  used  in  the  Western 
States  for  roasting  silver  ores.  It  is  composed  of  a  shaft  B, 
Fig.  101,  heated  by  a  fireplace  G.  The  fiue  H  is  also  heated  by  a 
fireplace  E,  and  carries  off  the  waste  gases  and  the  dust.  The  object 
of  the  furnace  is  to  roast  and  at  the  same  time  chlorurise  silver 
ores.  To  do  this  the  ore  is  generally  crushed  so  as  to  pass  a  40  or 
30-mesh  sieve.  This  ore,  mixed  with  the  proper  quantity  of  salt, 
is  prepared  on  the  charging  floor,  and  is  then  mechanically  dis¬ 
charged  into  the  charging  apparatus  Fig.  102,  which  consists  of  an 
iron  hopper  A,  placed  on  the  top  of  the  furnace,  provided  with  a 
draw  valve  B, which  is  always  open  when  the  furnace  is  in  opera¬ 
tion.  Above  this  is  another  cone,  on  the  top  of  which  is  a  cast-iron 
grate  C  ;  on  the  top  of  this  is  a  screen  made  of  steel  plate  punched 
with  holes  3  mm.  in  diameter  or  larger,  as  close  together  as  pos¬ 
sible.  Above  the  screen  is  a  wrought-iron  frame  E,  on  the  bottom 
of  which  a  coarse  screen  F  of  heavy  wire  is  placed.  This  frame 
with  its  screen  rests  on  friction  rollers  G,  rotating  on  brackets  H, 
which  can  be  raised  or  lowered  by  means  of  set  screws  so  as  to 
have  any  desired  distance  between  the  punched  screen  D  and  the 
wire  one  F.  The  bracket  K  carries  an  eccentric  shaft  which  is 
connected  with  the  shaft  M,  which  moves  the  frame  E,  but  as  the 
oscillating  motion  would  not  always  be  sufficient  to  force  the  ore 
through  the  two  screens,  stationary  blades  O  are  fastened  to  the 
brackets  N,  which  can  be  raised  or  lowered  by  the  nuts  P,  so  as 
to  bring  them  into  more  or  less  close  contact  with  the  screen  F. 
The  blades  distribute  the  pulp  over  the  screens  evenly.  The  frame 
E  is  kept  in  motion  by  a  cone  pulley,  and  is  so  arranged  that  it 
can  be  made  to  take  any  motion  that  it  is  desirable  to  give  it.  The 
usual  velocity  is  between  twenty  and  sixty  strokes  per  minute. 
By  changing  the  distance  between  the  screens  and  also  the  velocity 
of  the  movement,  any  desired  amount  of  ore  can  be  delivered  in  the 
furnace  with  the  greatest  regularity.  The  ore  falls  into  the  shaft 
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B,  Fig.  101,  where  it  meets  the  ascending  gases  from  the  two  fire¬ 
places  G  on  each  side  of  it.  The  gases  enter  the  shaft  by  means 
of  an  opening  O.  Into  this  same  opening  a  channel  M  enters, 
which  is  connected  with  the  outside  air  by  means  of  two  openings 
one  above  and  one  below,  which  can  be  opened  as  much  or  as 
little  as  desired,  to  admit  the  necessary  quantity  of  air  for  perfect 
combustion  of  the  gases.  The  air  for  the  fireplaces  is  supplied  by 
a  door  in  the  ash-pit,  in  which  there  is  also  a  damper  to  allow  of 
admitting  more  or  less  of  it.  At  the  level  of  the  opening  O  on 
each  of  the  other  sides  of  the  shaft,  there  is  a  door  P,  which  is 
made  both  in  the  shaft  B  and  the  flue  H  to  allow  of  watching  the 
progress  of  the  operation,  and  below  these,  both  in  shaft  and  flue, 
are  two  other  doors  R,  whose  lower  side  slopes  towards  the  bottom 
of  the  furnace  and  allows  of  admitting  tools  to  scrape  the  walls 
when  the  ore  becomes  attached  to  them. 

The  shaft  is  usually  from  30  ft.  to  35  ft.  in  height,  but  when 
the  ores  are  very  base,  or  a  large  output  must  be  had  from  a 
sinede  furnace,  it  is  made  as  high  as  48  ft  It  is  usually  4  ft.  to 
5  ft.  square.  In  some  of  the  largest  furnaces  it  has  been  made  as 
larcrc  as  6  ft.  square.  It  is  built  of  two  8-in.  brick  walls,  with  a 
space  of  3  in.  between  them.  This  space,  in  order  to  prevent  a 
loss  of  heat,  is  filled  in  with  ashes  or  sand.  This  construction  is  an 
advantageous  one,  for  when  from  any  cause  the  fire  gets  low  for 
a  short  time,  a  certain  amount  of  heat  is  given  out  from  the  walls 
and  keeps  up  for  a  short  period  the  uniformity  of  the  tempera¬ 
ture,  leaving  a  certain  interval  to  apply  the  remedy.  The  ore 
passing  through  the  shaft  falls  into  the  hopper  C  below,  which 
is  closed  by  a  valve  N,  and  from  this  is  discharged  into  the  ore 
cars,  and  carried  to  the  cooling  floor,  ■where  it  is  left  red-hot  foi 
twelve  hours.  This  always  increases  the  chloruration,  and  in  some 
ores  this  increase  may  amount  to  as  much  as  45  pel  cent.  In 
general  the  increase  is  from  5  to  20  per  cent.  It  is  desirable  to 
have  the  temperature  of  the  furnace  as  high  as  possible  w  ithout 
sintering  the  ores.  It  is  necessary  that  this  tcmperatuic  should 
be  kept  constant.  In  order  to  know  exactly  what  is  going  on  in 
the  furnace,  assays  must  be  made  for  each  working  shift. 

The  gases  and  the  dust  which  is  canned  with  them  are  dis¬ 
charged  into  the  flue  H,  in  which  there  are  a  series  of  openings  S 
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to  clean  the  flue  when  necessary,  which,  with  some  ores,  is  as 
often  as  once  each  week.  At  E  there  is  a  supplemental-}’  fire¬ 
place  with  openings  0  and  M  into  the  flue.  The  flame  of  this 
fireplace  descends  through  the  chamber  P  K,  and  is  used  for  com¬ 
pleting  the  chloruration  of  the  dust,  which  passes  down  into  the 
chamber  D,  where  it  is  collected  in  hoppers  F,  and  is  discharged  in 
the  same  manner  as  it  is  from  the  shaft.  The  small  fuLtces 
when  first  constructed  were  discharged  by  hand,  but  with  the 
large-sized  furnaces  now  built  that  is  inconvenient,  and  the 
hoppers  are  now  always  put  in. 

formerly  the  Hue  at  the  top  of  the  shaft  became  so  incrusted 
"  ^le  charge  as  to  imedpe  |the  draught  and  materially  reduce 
the  efficiency  of  the  furnace  ;  this  has  been  entirely  overcome  by 
introducing  doors  so  that  the  furnace  may  be  cleaned  while  in 
operation.  The  amount  of  dust  passing  down  the  Hue  H  to  be 
roasted  by  the  auxiliary  fire  E  will  vary  with  the  quantity  of 
ore  treated  in  twenty-four  hours.  When  the  draught  is  strong, 
and  the  capacity  of  the  furnace  large,  fully  half  the  ore  passes 
over  into  the  flue.  Of  this  amount  about  80  per  cent,  lodges  in 
the  first  hopper  I  of  the  dust  chambers  ;  the  rest  is  carried  beyond.  , 
The  greater  the  amount  of  ore  treated  the  less  the  dust.  It  will 
usually  vary  between  30  and  50  per  cent.  The  dust  chambers 
aie  not  discharged  frequently,  and  the  last  ones  are  often  left  for 
a  week.  Being  thus  piled  up  and  at  a  high  temperature,  the 
same  effect  is  produced  as  on  the  cooling  floor,  so  that  it  has  the 
lull  benefit  of  the  extra  chloruration.  From  the  dust  chambers 
the  gases  pass  through  a  chimney  which  should  be  from  50  ft. 
to  100  ft.  above  the  top  of  the  shaft.  For  small  furnaces  the 
hoi izontal  section  of  the  chimney  is  generally  4  ft.  square;  for 
\  ery  large  ones  5  ft.  The  best  disposition  is  to  build  the  furnace 
at  the  bottom  of  a  valley  or  canon  with  a  flue  leading  up  to  a 
chimney  on  the  top  of  a  hill. 

The  draught  is  regulated  by  a  damper  at  the  end  of  the  dust 
chambers,  which  diminishes  the  size  of  the  flue  leading  to  the 
chimney.  The  amount  of  ore  which  will  fall  through  a  given 
distance  may  be  very  materially  diminished  by  increasing  the 
<h  aught  as  it  rises  against  the  falling  particles.  More  dust  in 
this  case  will  pass  over  into  the  flues.  It  is  necessary  to  ascertain 
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what  quantity  of  air  is  best  suited  to  the  treatment  of  any  ore 
and  then  maintain  it.  If  there  is  not  enough,  which  may  be 
caused  by  obstructions  in  the  flues  or  cracks  in  the  furnace, 
the  ore  will  not  be  sufficiently  acted  on,  especially  in  the  shaft. 
1  he  chloruration  will  consequently  be  low.  If  there  is  too  much 
there  is  danger  of  the  flues  becoming  choked,  as  well  as  of  the  ore 
being  imperfectly  roasted.  As  there  are  doors  for  observation  in 
all  parts  of  the  furnace,  any  change  may  be  seen  at  once,  its  cause 
ascertained,  and  the  remedy  applied. 

The  ore  and  salt  are  sampled  every  half-hour  by  the  fireman 
at  the  feeders  where  they  are  thoroughly  mixed.  The  samples 
are  taken  from  the  roasted  ore,  when  it  is  discharged  into  the 
cars,  with  a  tube  thrust  to  the  bottom  of  the  car ;  each  car  from 
the  Hue  and  the  furnace  is  thus  sampled  as  it  goes  to  the  cooling 
floor.  All  the  samples  are  then  put  together  and  tested.  After 
the  ore  has  remained  for  twelve  hours  or  more  on  the  cooling 
floor  it  is  again  sampled  in  the  same  way  with  the  tube.  This 
gives  the  difference  in  chloruration  between  the  two.  When  it 
is  necessary  to  ascertain  how  the  furnace  or  the  hue  is  working,  a 
sample  is  taken  by  introducing  a  tool  or  a  piece  of  sheet  iron  and 
allowing  the  falling  ore  to  accumulate  upon  it.  As  a  general 
thing  it  will  be  found  that  the  chloruration  is  less  in  the  samples 
taken  directly  from  the  furnace,  than  in  those  taken  from  the 
cooling  hoor. 

It  has  always  been  supposed  in  the  amalgamation  of  roasted 
ores,  that  all  the  silver  which  was  present  as  chloride  was  attacked 
by  the  mercury  and  extracted.  The  fact  that  the  extraction  of 
the  silver  is  greater  than  the  amount  of  silver  shown  by  the 
assay  to  be  chlorurised,  has  led  to  this  conclusion.  Mr.  Russell, 
at  the  Ontario  Mill,  has  made  the  following  investigations  to 
show  that  this  is  not  the  case.  The  average  chlorurations  and 
amalgamation  for  a  period  of  nine  months,  from  April  to 
December,  1881,  were  as  follows:* 


Furnace  No.  1. 
Chloruration  89.5 
Amalgamation  91. 0 


Furnace  No.  2. 


90.2 

90.1 


1  he  tests  were  the  results  of  448  car  samples,  and  all  the  results 
*  “Engineering  and  Mining  Journal,”  vol.  xxxiv.,  p.  25G. 
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were  in  duplicate.  The  examination  shows  that  from  20  to  50  per 
cent,  of  the  silver  contained  in  them  was  chlorides.* 

Furnace  No.  1.  Furnace  No.  2. 

Silver.  Silver. 

Remaining  in  tailings  ...  8.4  per  cent.  9.9  per  cent. 

Present  as  chloride  of  silver  3.0  q  n 

U#U  J  J 

If  this  silver  had  all  been  amalgamated,  the  amalgamation 
would  have  shown  94.6  from  the  iirst  furnace,  and  93.7  from 
the  others.  After  roasting  in  the  shaft  furnace  up  to  the  point 
when  the  heat  would  about  sinter  the  ore,  the  chloruration  of 
the  tailings  varied  between  4.3  and  22.3  as  compared  with  19.4 
and  oo.l.  This  was  probably  owing  to  the  decomposition  in  the 
hot  charge,  and  the  cooling  down  with  water  spray  which  dis- 
integrated  the  lumps. 

1  he  capacity  of  a  Stetefeldt  furnace  varies  very  greatly  with 
different  kinds  of  ores,  according  as  they  contain  more  or  less  base 
metals,  and  are  consequently  more  or  less  difficult  to  roast.  It 
may  \  ai  y  from  single  or  double  to  triple,  according  as  the  ore 
contains  less  sulphur.  It  also  varies  slightly  with  the  position 
of  the  furnace  with  regard  to  its  chimney,  so  that  the  draught 
may  be  greater  or  less.  What  can  be  absolutely  obtained  from 
a  given  furnace  with  the  most  favourable  conditions  of  ore  and 
draught  has  not  yet  been  determined.  At  the  Ontario  Mill, 
Utah,  as  much  as  Go  tons  have  been  roasted  experimentally  in 
one  iurnace  in  twenty-four  hours,  and  at  the  Northern  Belle, 
Nevada,  their  usual  output  is  about  55  tons  every  twenty-four 
hours,  but  as  much  as  70  tons  have  been  put  through  in  the  last- 
named  mill.  When  the  maximum  is  reached,  it  will  also  be  with 
ores  containing  little  sulphur.  In  the  last  case  the  ores  were 
almost  entiiely  oxidized,  the  gangue  being  oxides  of  iron  and 
manganese,  while  at  the  Lexington  Mill,  Montana,  the  ore  is 
compact  pyrites  with  zinc  blende  and  galena,  and  only  30  tons 
can  be  loasted  in  the  same-sized  furnaces  in  twenty-four  hours. 
Most  of  the  furnaces,  however,  arc  limited  in  their  capacity  by 
the  output  of  their  stamp  mills,  which  is  very  often  much  below 
flu  capacity  of  the  furnace.  When  the  roasting  is  properly  done, 
tin  \eiy  short  time  which  the  ore  comes  in  contact  with  the  fire 

*  “  Engineering  and  Mining  Journal,”  vol.  xxxiv.,  p.  25G. 
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is  a  great  advantage,  so  far  as  the  loss  in  silver  is  concerned. 
The  amount  of  silver  lost  in  roasting  is  very  much  larger- than  is 
generally  supposed  *  and  will  be  all  the  larger  if  it  is  associated 
with  volatile  compounds  like  arsenic,  antimony,  zinc,  &c.  With  a 
good  set  of  dust  chambers,  the  loss  actually  found  in  the  Stetefeldt 
furnace  is  very  much  smaller  than  that  which  is  usually  found  in 
roasting  in  reverberatory  furnaces. 

The  size  to  which  the  ore  should  be  reduced  depends  principally 
on  the  condition  of  the  minerals  in  the  gangue.  If  they  are  dis¬ 
seminated  through  a  hard  rock,  it  may  be  necessary  to  make  the 
pulp  pass  a  60-mesh  screen ;  if  disseminated  in  larger  grains 
they  must  be  made  coarser.  What  must  be  done  in  each  case  can 
only  be  decided  by  experience.  It  must  be  borne  in  mind  that 
crushing  so  that  the  ore  will  pass  through  a  screen  with  meshes 
of  given  size  does  not  imply  that  the  ore  is  not  crushed  finer.  It 
has  been  shownf  that  of  ore  which  passed  a  20-mesh  screen,  only 
13.8  per  cent,  remained  behind  on  a  40-mesh  screen.  Of  ore  that 
was  crushed  through  a  30-mesh  screen  only  S  to  10  per  cent,  re¬ 
mained  on  a  40-mesh  screen,  and  so  on.  For  this  reason  batteries 
having  fine  screens  will  always  crush  less  than  those  having  coarse 
ones.  There  is,  however,  a  limit  to  the  extent  of  coarse  crushing 
for  perfect  roasting.  In  amalgamation  this  depends  on  the  im¬ 
possibility  of  washing  heavy  pulp  out  of  the  settler  without  losing 
mercury.  The  extreme  limit  appears  to  be  about  a  30-mesh 
screen.  The  26-mesh  screen  used  at  the  Ontario  Mill  had  to  be 
abandoned  on  account  of  the  difficulty  in  working  the  settler. 
The  percentage  of  amalgamation  was,  however,  about  the  same 
as  shown  by  the  figures  below,  representing  a  six  weeks’  run,  two 
weeks’  trial  being  given  to  each  kind  of  screen. 

Furnace  No.  1,  Furnace  No.  2, 
Amalgamation.  Amalgamation. 

No.  30  screen  .  89.9  89.7 

>,  2G  „  90.0  91.1 

„  30  „  90.4  90.2 

The  size  to  which  the  ore  is  to  be  crushed  before  roasting  will 
also  depend  on  whether  it  is  to  be  subsequently  treated  by 
lixiviation  or  amalgamation.  Experience  has  shown  that  while 

Treatment  of  Flue  Dust  at  Ems,"  Trans.  Am.  Inst.  Min.  Eng.,  vol.  xii. 

+  Engineering  and  Mining  Journal,”  vol.  xxxv.,  p.  348. 
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there  are  fixed  limits  for  amalgamation,  those  required  for  lixivia 
tion  are  much  coarser,  and  that  the  exact  limit  must  be  determined 
in  each  special  case,  but  it  is  evident  that  the  particles  of  precious 
metal  can  be  much  more  easily  reached  in  coarsely  crushed  ore 
by .  mvla*l0n  than  hy  amalgamation.  It  has  been  found  by  ex- 
penence  that  ordinary  ore  which  passes  a  30-mesh  screen  would 
be  as  well  roasted  as  that  from  a  40,  but  it  might  in  certain  cases 
with  ores  containing  a  great  deal  of  sulphur,  which  are  called 
heavy  ores,”  not  be  advisable  to  crush  it  coarse,  so  that  it  is 
usually  crushed  fine.  The  following  results  of  the  effect  of 

crushing  through  screens  with  meshes  of  different  sizes  were 
obtained  in  1879.* 

,7  .  f  50-mesh  Screen.  30-mesh  Screen. 

A  alue  of  roasted  ore  .  143.29  dols.  117.75  dols 

„  tailings  .  13.42  „  12.C2  „ 

orurations .  90.0  per  cent.  89.1  per  cent. 

Oliver  extracted  by  amalgamation  90.G  „  89.3 

The  average  amount  of  ore  crushed  in  a  20-stamp  mill  and 
roasted  in  twenty-four  hours  was  35.5  tons. 

The  quantity  of  salt  required  to  perform  the  chloruration 
epends  on  the  character  of  the  ore  treated,  and  will  generally 
^ar\  fiom  2.5  to  18  per  cent.  That  there  is  an  advantage  in 
inci  easing  the  amount  up  to  a  certain  point  is  shown  by  the 
following  results  of  experiments  made  at  the  Ontario  MilLf 

R~J8d  Silver  Chlorurised 

2  per  cent,  salt  44.5  per  cent. 

4  52.0  „ 


0 

8 

10 

12 

14 

1C 


GO.  4 
76.0 
82.8 
88.4 
90.9 
93.0 


— • v  n 

Exactly  what  the  best  quantity  is  must  be  determined  by  trial 
i.i  each  special  case.  It  is  not  advantageous,  as  in  the  reverbera¬ 
tory  furnace,  to  use  an  excess  of  salt,  as  it  is  not  only  thoroughly 
mixed  with  the  ore  beforehand,  but  each  particle  of  ore  during 
the  whole  of  its  fall  in  the  furnace,  is  exposed  to  the  chlorurising 
influences,  and  again  both  when  it  lies  in  the  hopper  at  the 
*  Communicated  by  Mr.  Stetefeldt. 

t  Russell*  Improved  Method,  Trans.  Am.  Inst.  Min.  Eng.,  vol.  xiii- 
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bottom  and  on  the  cooling  floor.  The  quantity  of  salt  which  will 
give  the  highest  chloruration  having  been  determined,  it  is 
wasteful  to  add  more,  as  it  has  been  shown  by  experiments  made 
at  the  Ontario  Mill  that  3  per  cent,  of  undecomposed  salt  is  con¬ 
tained  in  the  roasted  ore,  more  being  present  in  the  samples  from 
the  shaft  than  from  the  flue.  The  volatilisation  of  the  salt  is 
therefore  not  as  great  in  this  furnace  as  is  usually  supposed.  The 
same  investigation  showed  that  copper  and  zinc  were  found 
in  the  shaft  only  as  chlorides,  while  in  the  flue  they  were  present 
exclusively  as  sulphates,  and  that  this  is  probably  the  reason  why 
the  chloruration  is  usually  higher  in  the  flue  than  in  the  shaft. 
While  some  small  quantity  of  sulphides  was  found  in  the  roasted 
ores  of  the  shaft,  none  at  all  were  found  in  the  ore  from  the  flue. 

What  the  chloruration  will  be  in  the  case  of  each  ore  depends, 
as  will  be  understood  from  what  has  gone  before,  on  a  number  of 
circumstances.  These  are  in  general  the  kind  and  quality  of  the 
ore,  especially  the  quantity  of  sulphur  it  contains,  the  velocity  of 
feeding,  the  strength  of  the  draught,  the  quantity  of  salt,  the  heat 
of  the  fire,  and  the  time  the  ore  remains  in  a  heap  after  being 
discharged.  Any  or  all  of  these  may  prevent  the  proper  action 
of  the  salt  on  the  ore.  In  the  early  days  of  the  furnace,  the 
practice  was  to  draw  the  pulp  at  once  and  cool  it  with  water,  and 
send  it  immediately  to  the  pans.  In  these  cases  the  ores  were  of 
very  favourable  composition,  and  did  not  require  to  be  left  on 
the  cooling  floor,  although  this  treatment  would  have  raised  the 
chloruration  several  per  cent.  The  following  Table  shows  the 
early  results  obtained  at  the  Manhattan  Mill : 


Per  Cent,  of 
Chloruration. 


September,  1874... 

88.8  (shaft  and  flue  together) 

October 

it  ... 

90.3 

November 

i>  ••• 

89.2 

December 

>» 

91.1 

January, 

1875... 

89.8 

February 

ii  ... 

90.0 

March 

ii  ... 

90.0 

April 

ii 

90.8 

May 

n  ... 

91. G 

June 

1! 

92.8 

July 

11 

92.3 

August 

11  ... 

91.8 

September 

||  ... 

91.5 
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Below  is  given  the  average  workings  of  the  Manhattan  Mill  for 
each  of  the  four  weeks  of  November,  1S77 : 


Day. 

Night. 

Hopper. 

Tailings. 

Per 
Cent, 
left  in 
Tailings. 

— 

Per  Cent, 
of  Chloru- 
ration. 

Per  Cent, 
of  Chloru- 
ration. 

Value  of  Ore. 

Value. 

Stack. 

Flue. 

Stack. 

Flue. 

Day. 

Night. 

Day. 

|8> 

Day. 

Night. 

I 

dols. 

dols. 

dols. 

dols. 

1st  week 

80.5  01.3 

00.8 

01.1 

180.86 

183.10 

10.77 

11.44 

6.4 

6.4 

2nd  „ 

00.0  01.3 

01.1 

01.0 

100.71 

208.24 

14.35 

10.05 

7.1 

4.9 

3rd  „ 

80.9  80.0 

80.5 

00.3 

177.52 

153.47 

14.29 

13.47 

7.9 

8.7 

4th  „ 

01.1  02.7 

1 

00.7 

91.5 

221.70 

220.08 

12.00 

13.24 

5.4 

6.5 

The  following  Table* *  gives  the  result  of  the  working  of  the 
Surprise  Vr alley  Mill  in  1875  : 

Surprise  Valley  Mill  and  Water  Company’s  Mill,  Paxamixt,  Cal. 


Roasted  Ore  Roasted  Ore  Roasted  Ore  Roasted  Ore 
from  Shaft,  from  Flue,  from  Shaft,  from  Flue. 

- 

Night.  |! 


Day. 


2 « 
I  3 


'3  • 

2  is 

So 

O  u 

2  g, 

r  \  *** 


Day. 


:s. 


s  * 

So 

o  »- 


Night. 


2 1 

So 

O  U 


?ri 


2  * 
5° 


l>H 


Week  ending 

September  2880.26  03.36 
Week  ending 
October  16  ...  77.18  02.4 
Week  ending 
October  23... ’68. C6  01.7 


80.21 

87.56 

78.08 


04.80  83.40 
02.90  77.42 

02.0  70.68 

I 


03.32  89.68  94.65  03.70 

i  | 

93.0  84.82  93.9  88.25 

92.4  78.54  93.2  79.12 


dols. 

7.36 

8.63 

7.60 


The  following  Tablet  gives  the  values  and  per  cent,  at  the 
Lexington  Mill : 

*  Communicated  by  Mr.  Stetefeldt.  t  Ibid. 
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— 

Furnace. 

Chlorura¬ 

tion. 

Left  in 
Tailings. 

No. 

Per  cent. 

Per  cent. 

December,  1882 

1 

82.9 

10.0 

M  . 

2 

85.1 

11.8 

January,  1883 

1 

85.9 

9.9 

2 

85.9 

10.8 

February  ,, 

1 

80.9 

7.4 

. 

2 

80.0 

8.5 

March  ,, 

1 

89.9 

7.8 

2 

90.1 

8.9 

April  ,, 

I 

92.0 

6.1 

2 

92.5 

6.5 

May  „ 

1 

93.8 

5.5 

2 

94.  G 

5.3 

The  following  Table  gives  the  workings  of  the  Lexington  Mill 
for  four  months. 


April 

May 

June 

July 


Battery  Sample. 


Roasted 

Ore. 


Tail 

Samples. 


Per  Cent, 
in  Tailings. 


°  H  .  .2 
•2  ^ 

SzS* 

U  r2  «-  S 
©  C  S>JS 
Pk  72  ^ 


oz. 

oz. 

oz. 

oz. 

oz. 

oz. 

E.  « 

45  2 

.76 

47.0 

.70 

2.9 

.347 

W.+ 

44.5 

.75 

47.5 

.70 

3.0 

.35 

E. 

57.0 

.85 

52.7 

.88 

3.0 

.380 

w. 

50.5 

.81 

52.9 

.83 

2.9 

.385 

E. 

51.3 

.81 

54.5 

.83 

4.2 

.38 

W. 

51.1 

.80 

55.2 

.84 

3.7 

.38 

E. 

51.9 

.79 

51.3 

.81 

5.7 

.37 

\V. 

50.8 

.80 

54.0 

.81 

4.7 

.37 

oz. 

8.1 

C.5 

5.5 

5.3 

7.8 

(>.8 

0.7 

9.2 


oz. 

45.7 
40.5 

43.8 
40.4 
40.0 

45.3 
45.2 

45.4 


14.8  21.1 
14.  G  20.3 
14.5  19.5 

14.1  19.9 
14.5  19.0 
14.5  20.0 
12.0  10.7 

13.2  17.2 


92.6 

92.5 

93.8 

94.0 

89.2 

92.3 
92.0 
92.0 


The  following  Table}  gives  the  average  chloruration  tests  per 
month  at  the  Ontario  and  Manhattan  Mills  at  different  periods, 
all  the  ore  being  left  on  the  cooling  floor  for  twelve  hours  before 
the  assay  was  made  : 

*  E.  =  East  furnace.  t  W.  —West  furnace. 

X  “Engineering  and  Mining  Journal,”  vol.  xxxv.,  p.  377. 
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Ontario  Mill, 

Manhattan  Mill, 

March  to  Sept., 

Oct.  1,  1874,  to 

1882. 

Sept.  30,  1875. 

Per  cent. 

Per  cent. 

October 

90.3 

November 

89.2 

December 

91.1 

January 

89.8 

February 

90.0 

March . 

92.0 

90.0 

April  . 

91.3 

90.8 

May  . 

92.9 

91.0 

June  . 

92.5 

92.8 

July  . 

93.0 

92.3 

August . 

92.2 

91.8 

September 

91.4 

91.5 

The  following  Table 

gives 

the  workings  of 

a  new  Stetefeldt 

furnace ;  average  of  each  five  days  from  May  22  to  June  30  : 


Battery 
Sample, 
Value  in 
Dollars. 

Salt 

per 

Cent. 

Value  of 
Ore 

in  Dollars. 

Value  of  Car 
Sample 
Roasted  Ore 
in  Dollars. 

Soluble 

Salts 

per 

Cent. 

Value  of 
Roasted  Ore 
after  Leaching 
with  water, 
in  Dollars. 

Value 
of  Tailings 
from 
Settlers, 
in  Dollars. 

111.01 

19 

138,14 

104.07 

29 

140.57 

13.19 

110.11 

19 

135,57 

100.33 

20 

143.30 

14.70 

105.58 

20 

132,03 

119.92 

27 

137.92 

10.93 

110.48 

18 

134,40 

107.09 

20 

145.49 

11.68 

115.03 

18 

140,45 

111.23 

20 

150.30 

12.00 

121.79 

18 

148,87 

114.03 

27 

150.12 

12.81 

134.49 

18 

105,30 

124.00 

27 

109.64 

13.94 

115.70 

18 

141,87 

108.97 

27 

148.90 

11.68 

The  following  Table*  shows  the  comparative  results  of  the 
cliloruration  in  three  different  mills  working  on  different  ores : 


Ontario  Mill. 

Manhattan 

Mill. 

Surprise  Valley 
Mill. 

— 

58  Samples, 

131  Samples, 

198  Samples, 

%  Samples, 

October  12, 1882, 

November  1  to 

September  19  to 

July,  1881. 

to  January  1,1883, 
Russell’s  method. 

December  24, 
1877. 

October  23, 
1875. 

Per  cent. 
85 

Times. 

Times. 

Times. 

Times. 

1 

87 

... 

*i 

1 

88 

1 

7 

89 

1 

28 

i 

90 

2 

2 

49 

3 

91 

8 

10 

68 

7 

92 

13 

30 

28 

18 

93 

21 

40 

15 

24 

94 

9 

33 

20 

95 

3 

9 

3 

12 

96 

... 

3 

*  “Engineering  and  Mining  Journal,”  vol.  xxxv.,  p.  377. 
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The  following  Table  gives  the  results  obtained  at  the  Ontario 
Mill  with  Russell’s  process. 


Number 

of 

Screens 
used  in 
Crushing 

Per  Cent, 
of  Salt 
used  in 
Roasting. 

Value  of 
Roasted  Ore 
in  Ounces. 

Per  Cent,  of 
Silver  extracted 
by  Chloruration 
Test  with  Sodium 
Hyposulphite. 

Per  Cent,  of 
Silver  extracted 
by  Lixiviation 
with  Russell’s 
Extra  Solution. 

Per  Cent,  of 
Silver 
extracted 
from  a 
Charge  of 

2  Tons  by 
Russell’s 
Lixiviation 
Process. 

Ore 

Shaft. 

from 

Dust 

Cham¬ 

bers. 

Ore  1 

Shaft. 

from 

Dust 

Cham¬ 

bers. 

Ore  from 

I>UBt 

Shaft.  Cham¬ 
bers. 

30 

9.0 

58.4 

73.0 

92.0 

92.0 

95.2 

94.1 

96.2 

20 

12.5 

89.2 

108.0 

92.0 

93.1 

97.0 

97.1 

97.0 

10 

12.0 

76.8 

91.1 

91.0 

93.0 

96.0 

96.5 

97.0 

16 

18.0 

63.2 

78.4 

88.0 

93.0 

95.2 

97.0 

97.5 

10 

16.0 

58.3 

72.3 

89.0 

94.7 

93.5 

95.6 

95.0 

16 

7.5 

82.2 

105.5 

79.7 

89.0 

88.4 

91.0 

91.1 

16 

8.0 

60.0 

93.0 

82.0 

88.0 

88.5 

90.3 

91.0 

From  all  these  experiments  it  appears  that  the  chloruration  is 
less  in  the  shaft  than  in  the  tlue ;  that  there  is  a  great  gain  in 
leaving  the  ore  a  certain  number  of  hours  in  a  hot  heap  before 
cooling ;  that  the  extraction  by  lixiviation  is  generally  greater 
than  by  amalgamation ;  that  if  the  process  is  by  lixiviation,  the 
best  results  are  obtained  by  the  use  of  Russell’s  process. 

The  amount  of  labour  about  this  furnace  is  extremely  small. 
A  single  man  per  shift  is  all  that  is  required  to  look  after  the 
fire  and  the  feeding  machine  at  the  top,  and  take  the  regulai 
samples  from  the  pulp.  For  this  purpose  a  lift  is  provided 
to  take  him  from  the  bottom  to  the  top  of  the  furnace,  f  or 
discharging  and  cooling  the  roasted  ore  two  men  per  shift  of 
twelve  hours  are  required.  This  is  supposing  that  the  furnace 
is  running  from  20  to  25  tons  per  twenty-four  hours.  For 
furnaces  of  larger  capacity  the  firemen  as  well  as  the  pulpmen 
should  run  eight-hour  shifts,  so  that  the  labour  of  nine  mm  in 
all  is  required  in  twenty-four  hours. 

The  usual  fuel  is  wood.  The  quantity  of  it  used  in  twen  y 
four  hours  will  depend  upon  the  character  of  the  ore,  the  size 
the  furnace,  and  the  quantity  of  ore  that  it  is  desiied  to  tr 
that  time.  It  may  be  said,  in  general  terms,  that  the  larger  e 
furnace  the  less  fuel  per  ton  of  ore  will  be  used.  !©  }  ^ 

phuretted  ore  requires  less  fuel  because  the  sulphur 
vol.  i.  s 
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bums,  but  the  output  is  diminished.  Oxidized  ores,  on  the 
contrary,  require  more  fuel,  but  the  output  of  the  furnace  is 
very  largely  increased.  The  consumption  of  fuel  will  generally 
be  from  1|  to  5  cords  per  furnace  in  twenty- four  hours  for  an 
output  of  under  40  tons,  the  maximum  being  for  oxidized  ores, 
the  minimum  for  sulphuretted.  It  is  desirable  that  the  wood 
used  for  the  purpose  should  be  well  seasoned,  in  order  to  use  less 
of  it.*  The  amount  which  is  generally  used  is  from  2J  to  2£ 
cords  of  good  and  well-dried  wood  in  twenty-four  hours,  or  its 
equivalent  in  other  fuel,  to  treat  20  to  25  tons  of  ore  in  that  time. 
When  more  than  this  is  treated  more  fuel  will  be  required.  In 
the  largest-sized  furnaces  four  cords  are  used.  At  the  Man¬ 
hattan  Mill  in  Austin,  Nevada,  and  elsewhere,  gas  producers  are 
used  with  excellent  results,  in  which  a  mixture  of  charcoal 
and  wood  is  burnt,  but  their  construction  and  management  are 
too  costly  and  complicated  for  general  use. 

The  details  of  the  materials  required  in  the  construction  of  the 
furnace  given  below,  refer  to  one  capable  of  treating  from  40  to 
100  tons  in  twenty -four  hours. 


Stone  for  foundations  of  furnace  and 


dust  chamber  . 

3000  to  4000  cubic  feet 

Common  brick  for  furnace,  flues, 

chimney,  and  dust  chamber 

250  to  275  M. 

Firebrick  . 

5  M. 

Ironwork  : 

lb. 

Feeder  . 

. 2,800 

Plain  castings  . 

. 12,000 

Finished  „ . 

.  4,000 

Forged  and  boilormaker  work 

...  •  .  3,850 

Plain  wrought  iron . 

.  850 

Brick  stays . 

. 9,500 

Bolts  ... 

. 4,500 

Rails  for  braces  . 

. 10,000 

47,500 

This  includes  all  plates,  screens,  tools,  and  discharge  cars.  The 
latter  cost  from  $45  to  $50  each. 

The  expenses  of  treating  16  tons  in  twenty-four  hours  of  ore 
of  all  kinds  and  grades  at  Renof  were : 

*  Trana-  Am.  Inst.  Min.  Eng.,  1884.  Proc.  Am.  Soc.  Civil  En<*.,  1881. 
t  “Mineral  Resources  of  the  United  States,  1876,”  p.  412.  °  * 
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2  firemen,  at  $2.00  . 

4  feeders  and  dischargers  at  $1. 75 
2500  lb.  of  salt  (8  per  cent. )  at  1  h  cents 
1$  cords  of  wood  (slabs)  at  $5.00  . 

Or  per  ton  of  ore,  S3. 53 


$ 

.  4.00 
.  7.00 
.  38.40 
.  7.50 

50  90 


The  whole  cost  of  the 

treatment  of  the  ore,  including  the 

amalgamation  at  Reno,  was 

per  ton : 

General  expenses 

$ 

. 2.40 

Hauling  . 

. 92 

Sampling  and  crushing 

. 1.52 

Assaying  . 

. 1.23 

Roasting  . 

. 3.53 

Amalgamating . 

. 4.37 

13.97 

Recently  the  total  expenses  have  been  very  much  diminished 
in  Nevada,  as  shown  below. 


2  firemen,  at  $4.50 . 

9.00 

4  pulp  coolers,  at  $4.00  . 

10.00 

2j  cords  of  wood,  at  $8.00 . 

22.00 

Wear  of  screens  . 

1.00 

Total  labour  and  fuel  for  25  tons  in  24  hours 

48.00 

Labour  and  fuel  per  ton  . 

1.92 

7  per  cent,  of  salt  at  $40  per  ton . 

2.80 

Total  expense  of  chlorurising  and  roasting 

4.72 

The  furnace  at  first  sight  appears  complicated,  but  the  manage¬ 
ment  is  extremely  simple,  and  is  easily  learned  by  an  ordinary 
labourer,  much  less  judgment  being  required  with  it  than  with  a 
reverberatory  furnace,  where  the  men  must  judge  from  the  sight 
of  the  ore  as  to  the  condition  in  which  it  is.  Here,  the  operation 
being  entirely  mechanical,  the  ore  charger  being  once  set  at  a 
given  velocity,  very  little  judgment  is  required  of  the  men.  When 
the  draught  is  good  there  is  no  danger,  as  in  the  reverberatory 
furnace,  of  sintering  the  ore  even  if  it  contains  considerable  lead. 

The  furnace  is  adapted  to  ores  of  almost  any  grade.  Those  at 
Reno  treated  ores  of  from  30  oz.  to  800  oz.  The  Mtinhattan 
treats  only  ores  above  100  oz. ;  generally  it  treats  only  high- 

s  2 
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grade  ores.  The  Lexington  furnace  treats  ore  containing  from 
40  oz.  to  60  oz. ;  the  Ontario  from  60  oz.  to  100  oz. ;  and  the 
Northern  Belle  from  30  oz.  to  100  oz. 

Though  invented  so  many  years  ago,  the  furnace  has  up  to  the 
present  time  only  been  used  for  the  chlorurising  roasting  of  silver 
ores.  It  appears,  however,  as  though  it  might  be  used  for  any 
other  purposes  requiring  an  oxidizing  roasting  except  in  such 
cases  where  it  is  necessary  to  manufacture  sulphuric  acid  from 
the  escaping  gases,  in  which  case  it  cannot  be  used.  Wherever  it 
is  applicable,  it  has  the  advantage  of  durability  and  simplicity  of 
construction,  as  it  occupies  less  space  than  the  ordinary  roasting 
furnaces.  It  can  be  so  worked  that  almost  the  whole  of  the  pulp 
entering  the  furnace  can  be  regained,  even  the  dust  being  well 
chlorurised,  so  that  the  loss  in  silver  is  very  small.  It  uses  but 
little  power  and  a  very  small  amount  of  labour  per  ton  of  ore 
treated.  The  amount  of  fuel  required  to  roast  a  ton  of  ore  is  also 
very  small,  while  the  output  of  the  furnace  is  very  large,  and  can 
be  easily  increased  by  working  it  with  more  shifts  and  making 
them  shorter. 


The  Patio  and  Cazo  Process. 
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CHAPTER  YI. 

THE  PATIO  AND  CAZO  PROCESS. 

The  various  amalgamation  processes  depend  on  bringing  the 
ore  into  contact  with  mercury.  It  is  necessary  that  the  ores  so 
treated  by  amalgamation  should  be  very  finely  crushed.  To  be 
carried  out  cheaply  the  work  should  be  done  on  a  very  large 
scale,  and  hence  every  amalgamating  works  must  be  accompanied 
by  some  kind  of  a  crushing  mill,  of  sufficient  capacity  to  crush  a 
little  more  than  the  daily  needs  of  the  amalgamation  plant. 

The  amalgamation  processes  in  use  in  the  United  States  for  the 
extraction  of  silver  are :  1.  The  Patio.  2.  Barrel  amalgamation. 
3.  Pan  amalgamation.  The  conditions  of  climate,  where  part  of 
the  silver  ores  are  found,  has  forced  the  almost  entire  abandon¬ 
ment  of  the  patio  process,  but  it  may  possibly  come  into  use 
again,  in  the  hot  portions  of  the  country.  Barrel  amalgamation 
has  also  been  given  up  for  the  reasons  stated  in  that  article. 
Taking  into  consideration  the  fact  that  most  of  the  American 
mills  have  been  started  by  mechanics,  and  superintended  by  men 
who  are  generally  innocent  of  all  metallurgical  knowledge,  it 
seems  wonderful  that  they  should  be  able  to  work  the  ore  as 
closely  as  they  do.  It  seems  to  Europeans  very  extravagant  that 
tailings  in  certain  districts  contain  from  15  oz.  to  18  oz.  of  silver 
to  the  ton,  or  even  more ;  but  this  is  generally  the  case,  because 
the  price  of  labour  is  so  high  that  it  will  often  cost  821  to  get 
out  the  815.  To  attempt  to  use  any  process  based  on  European 
experience  of  labour  would,  therefore,  be  unwise  in  the  West. 
The  doing  of  it,  however,  is  the  reason  why  so  many  foreign 
enterprises  have  resulted  disastrously. 

The  process  of  amalgamation  which  is  still  used  both  in  Mexico 
and  Chili,  is  called  the  Patio  or  American  method  of  amalgamation, 
in  order  to  distinguish  it  from  the  process  used  so  long  at  Freiberg, 
known  as  the  “  Freiberg  barrel  amalgamation,”  and  that  which 
has  now  for  so  many  years  been  almost  exclusively  used  in 
the  western  part  of  this  country,  known  as  “pan  amalgamation.” 
It  is  effected  in  two  different  ways,  according  to  the  country  in 
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which  it  is  used.  In  Mexico  it  is  called  the  Mexican  or  Patio 
method,  and  in  Chili  it  is  known  as  the  Chilian  or  Cazo  method. 
These  processes  do  not  differ  essentially,  except  in  the  mecha¬ 
nical  appliances  which  are  used  for  carrying  them  on.  The 
Patio  method  was,  until  questioned  by  Dr.  Percy*  supposed  to 
have  been  invented  in  Mexico,  about  1557,  for  beneficiating  the 
silver  ores  which  occur  there. 

The  Cazo  method  was  invented  in  1609,  in  Peru,"f*  and  has  not 
been  used  much  except  in  South  America  and  Mexico.  The  Patio 
method  is  used  in  Mexico  on  ores  that  have  a  mean  yield  of  from 
$30  to  $60  to  the  ton.  Ores  of  much  higher  grade  than  this  are 
treated,  provided  they  are  not  refractory,  but  when  they  are 
rebellious  they  are  generally  treated  by  fusion.  In  order  to  do 
this,  however,  the  yield  must  be  large,  for  fuel  is  very  dear  on  the 
plains  of  Mexico. 

It  is  quite  rare  that  anything  is  done  to  the  ores  before  treat¬ 
ment  except  hand-picking  to  sort  out  those  of  high  grade  from 
those  of  less  yield,  and  to  remove  some  of  the  sterile  material. 
Occasionally,  however,  they  are  treated  in  a  rude  way.  At 
Zacatecas  J  very  impure  ores  are  broken  by  hand  into  small 
pieces,  made  into  a  pile  surrounded  by  a  rude  wall  laid  up  dry,  and 
imperfectly  roasted  with  charcoal.  In  the  districts  of  Tasco  and 
Sul  tepee,  where  sulphurous  ores  are  abundant, they  are  roasted  with 
wood  in  the  same  furnace,  comaliUos,  in  which  the  magistral  is 
made,  but  not  efficiently,  though  the  operation  lasts  twelve  hours. 
The  colas ,  the  concentrated  sulphides,  are  also  roasted  in  piles. 
This  pile-roasting  Is  not  only  very  insufficiently  done,  but  is  very 
uncertain  in  its  results.  The  object  is  to  remove  the  substances 
which  attack  the  mercury,  but,  owing  to  defects  both  of  fuel  and 
arrangement  of  the  pile,  but  little  else  results  from  it  than 
the  blind  following  of  a  routine,  which  has  no  other  reason 
than  that  it  has  been  practised  somewhere  else.  There  is 
always  danger  that,  in  roasting  these  ores,  the  heat  will  be  raised 
sufficiently  high  to  melt  them.  When  they  are  rich,  a  fusion 
treatment  is  much  more  rational.  It  is  doubtful  whether,  with  a 
dear  fuel,  much  is  gained  by  roasting  previous  to  the  treatment  on 

*  Percy’s  “  Silver  and  Gold,”  Part  I.,  p.  5G2,  London,  1880. 

+  Ibid.,  Part  I.,  p.  G5G. 

I  Phillips’  11  Gold  and  Silver,”  p.  352,  London,  18G7. 
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the  patio.  It  is  generally  the  gangue  which  determines  the  name 
of  the  ore,  but  it  is  sometimes  called  after  its  size.  Quartz  is  called 
guija,  and  quartzo.se  ore,  guijoso ;  feldspar  is  called  caliche ;  feld- 
spathic  ores,  ccdichoso.  When  there  is  much  gangue  it  is  said  to 
be  desploblado.  Quemazon  is  a  black  porous  decomposed  ore. 
Large  pieces  of  the  first  and  second-class  ores  are  called  gabarro. 
The  smalls  are  called  metal  granza.  The  minerals  which  are 
usually  found  as  ores,  or  associated  with  them,  are  native  silver, 
plata ;  kerargyrite,  plata  cornea  blanca ;  embolite,  plata  cornea 
verde ;  bromyrite,  plata  verde ;  iodyrite,  plata  cornea  amarillia  ; 
argentite,  plata  negra ;  ruby  silver,  rosi  clara ;  arsenopyrite,  ferro 
blanca ;  galena,  plomo ;  and  zinc  blende,  copelilla. 

The  ores  are  generally  distinguished  as  of  two  kinds,  the  black, 
Tiegros,  and  the  coloured,  colorados.  The  former  are  found  in  the 
lower  part  of  veins,  and  comprise  all  the  ores  containing  sulphur. 
The  colorados  are  found  in  the  upper  parts  of  veins,  and  are  com¬ 
posed  generally  of  the  iodides,  bromides  and  chlorides,  with  some 
native  silver  mixed  with  them.  The  gangue  is  generally  oxide 
of  iron,  carbonate  of  lime,  or  quartz ;  occasionally  some  argil¬ 
laceous  schists  which,  when  they  are  not  attacked  by  the  reagents, 
can  be  as  easily  treated  as  the  others.  This  method  is  the  only 
one  that  can  be  used  in  many  places  in  Mexico,  on  account  of  the 
high  price  of  fuel.  In  some  places  the  very  rich  rebellious  ore  is 
roasted  and  then  treated,  and  this  should  always  be  done  with  all 
the  Tiegros  when  fuel  is  not  so  dear  as  to  render  such  a  treatment 
impossible.  When  the  gangue  is  attacked  to  any  extent  this  pro¬ 
cess  cannot  be  used.  The  works  where  these  operations  are  carried 
on  are  called  haciendas. 

The  process  consists  of  five  different  operations. 

1.  Crushing  the  ore  in  a  Chilian  mill,  stamp,  or  crusher. 

2.  Grinding  and  amalgamating  the  ore  in  an  arrastra. 

3.  Treatment  on  the  patio. 

a.  Making  the  torta. 

b.  Introducing  the  reagents. 

c.  Separating  the  amalgam. 

4.  Treatment  of  the  amalgam. 

o.  Refining  the  silver. 

The  following  tree*  gives  a  very  accurate  idea  of  all  its  details. 

*  Patio  Process,  San  Dimas,  Trans.  Am.  Min.  Eng.,  vol.  xi.,  PI.  L 
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Scheme  of  Patio  Process. 


ai 

zn 

W 

o 

O  I 
pc? 

Ph 

o 


o 

w 

s 

w 


I 


ffi 

o 

Zfl 


£ 

;■§ 

Jz  %3 

.  ©  tj  - 

si 

O.S 


.  3 

'  i  r 

,j3. 

?*§ 
,28 
H  I 

<3 


55  Ch  ©  C 
> 


it ; 

ill 


i  -el 

1  i,— J  i  ■> 

JS  «!s 

^  o* 


l4‘2 


,  £-5  _  I 

d  I 

Sjj  «•£ 

1  •*•§  E-fc 
§4 

§5  0> 

*!$  ~ 


!  *f 

°  1-0 

AM 

>  2 


*  *w 


KJ 


3~ 

M 


^  l‘S/3 


h 

© 

&£ 

33 

.  ©  *-*■ 

fi,s 

>11 
o  <$ 

“  c 
©* 
t-  >r 

©  O 

ccsg 

.c  — 

' — 1 

S 

£ 

yS-S-a^ 


S- 


8:5 

I- 


Scheme  of  Patio  Process. 


265 


s  ^  — 

Is 

S>£ 

i  c-J  c  e 

Sg 

.s 


if 

is 

HI 


-^8. 

© 

Q 


li 
3 1. 


ii 

Q  I 


Kg§ 

.2  h 

3^ 

<y~ 


s  ~ 

$ 

tO*s> 

II 

4s 


i  el 

:>  -2  -e 


(3  u 

4?| 


re  *  %*  „ 


—  i- 


g 

'i 

il 


v  c 

is 

53  © 


W 


Ml 


5 

I 


t;  z  c  n 

.Jill 

«“!  I 


-J- 


34 1 

si  W 

a 


->■« 


*73 

1-3  -2 
s  g 

2®  H 


Hi- 

fi^ 


l-f 


r^llll- 

Sjon' 

H  e  3 


S-SS  J- 


f  I 
8  ^  . — 
55  t  v 
J-S'l-gS— 

12  13 

rQ  w>  .— t 


i 

XJ1 


is 

& 


P  3^3 

S.3.S 

mi 

4$« 


,  is* 

1?| 

J~w 


fl 

£ 


Amalgam.  (Polvillo.)  (Colas. )  Tailings. 

Retorted.  Exported,  or  reworked.  Roasted  and  reworked.  Waste. 


ni(y  wh  iim,  |  n  il  i  |, m  'm y 


267 


Classification  of  the  Ores. 

L  Crushing  the  Ore. 

The  amalgamating  works  consist  of  a  large  court,  'patio,  sur¬ 
rounded  by  sheds,  galera ,  in  which  the  apparatus  for  comminut¬ 
ing  the  ores  is  placed.  All  of  the  ore  to  be  treated  must  be 
reduced  to  an  impalpable  powder.  The  court  is  always  paved  in 
some  way,  generally  with  stones ;  and  if  it  is  desirable  that  it 
should  contain  only  a  single  pile,  it  is  only  10  or  15  metres  square. 
When  a  number  of  piles  are  made  in  the  same  inclosure,  it  must 
be  very  large,  as  the  piles  are  often  7  or  8  metres  in  diameter. 
The  court  then  would  be  50  or  60  metres  square,  or  even  larger. 

The  ores  are  generally  sorted,  according  to  their  silver  contents 
and  gangue,  into  three  or  four  classes.  At  San  Dimas*  there  are 
four  grades.  The  first  is  the  lumps  of  pure  ore  picked  out  by 
hand,  metal  hecho,  or  made  ore,  free  from  gangue,  worth  $400  or 
more  to  the  ton.  This  is  called  metal  de  primera  classe,  or  metal 
cle  exportation.  The  second  is  ore  for  the  patio,  called  metal  de 
beneficio.  It  differs  from  the  first  only  in  being  of  less  value,  and 
by  having  gangue  mixed  with  it.  The  third  class  embraces  the 
smalls  from  the  hand-picking,  and  varies  in  value  according  to 
the  value  of  the  ores  from  which  it  is  selected.  It  is  called  granza 
de  llunque  or  tierras  de  llunque.  The  fourth  class  comprises  the 
smalls  from  the  mine.  It  is  mixed  with  much  gangue  and  dirt.  It 
is  called  granza  de  labores  or  tierras  de  labores.  At  C  hihuahua,4* 
where  the  ores  are  almost  entirely  composed  of  native  silver  in  a 
calcite  gangue,  they  are  separated  into  three  classes ;  the  first 
containing  more  than  $2500  to  the  ton;  the  second,  moie  than 
$1000  and  less  than  $2500 ;  the  third  class,  under  $1000  and 
averaging  about  $250. 

This  classification,  however,  differs  at  every  works;  the  first 
consideration  being  always  the  value  of  the  ore ;  the  second,  the 
kind  and  quantity  of  gangue,  according  as  it  may  or  ma}  not 
attacked  by  the  reagents ;  and  lastly,  the  size  of  the  pieces. 

At  Chihuahua  the  third-class  ore  is  carried  to  the  stamps ; 
movtero8 ,  the  best  ore,  is  carried  to  the  store-house,  from  w hich  it 
is  weighed  out.  The  ore  is  crushed  with  small  stamps,  weighing 
about  150  kilos  each,  with  a  fall  of  0.20  m.  to  0.25  m.  The 

*  Patio  Process  at  San  Dimas.  Trans.  Am.  Mining.,  vol.  xi. 
t  Report  United  States  Mining  Commissioner,  1874,  p.  43o. 
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slots  of  the  screens  are  0.15  m.  wide.  The  coarse  sand  which 
passes  the  screens  is  called  granza.  The  lumps  of  native  silver 
which  do  not  pass  through  the  screens  are  cleaned  by  hand.  The 
stamps  are  run  by  a  horizontal  water-wheel.  From  the  stamps 
the  ore  is  taken  to  the  arrastra.  At  San  Dimas,  and  generally  in 
the  whole  country,  the  ore  which  is  not  small  enough  is  broken 
by  hand  until  it  is  small  enough  to  be  stamped  in  old-fashioned 
German  stamps,  with  wooden  stems  and  iron  shoes.  Three 
stamps,  weighing  0.50  kilo,  each,  with  a  drop  of  0.22  m.,  are 
capable  of  crushing  and  forcing  out  of  a  screen  with  0.15  slots, 
about  8  tons  in  twenty-four  hours.  These  stamp  mills,  rnolino3y 
are  sometimes  run  by  mule  power.  In  some  works  rolls  are  used. 

The  Chilian  mill,  trapiclie,  the  primitive  form  of  which  is 
shown  in  Fig.  103,  is  also  still  in  use.  This  was  made  of  a 
large  stone,  generally  granite,  about  two  metres  in  diameter, 
with  an  edge  of  0.40  m.  wide,  weighing  between  three  and  four 
tons.  It  was  made  to  revolve  on  the  circumference  of  an  in¬ 
closure  roughly  built  up  of  stones,  on  a  long  horizontal  arm, 
which  pivotted  on  a  heavy  piece  of  metal  set  in  a  post, 
driven  into  the  ground  in  the  centre  of  the  grinding  space.  When 
metal  was  not  easily  procured,  the  beam  was  made  to  turn  on  a 
piece  of  tough  wood.  The  stone  revolved  on  one  end  of  this 
beam.  The  other  end  projected  beyond  the  outer  edge,  and  to  it 
a  horse  or  mule  was  attached.  The  inside  diameter  of  the  stone 
is  slightly  smaller  than  the  outside,  so  that  it  inclines  somewhat 
toward  the  centre.  Sometimes,  instead  of  having  one  stone  only, 
two  stones  are  placed  on  the  same  arm,  on  opposite  sides  of  the 
circle,  and  at  different  distances  from  its  centre.  These  wheels  run 
over  a  bed  of  hard  stone.  Sometimes  the  crushing  is  done  dry ; 
but  it  is  generally  done  wet — the  ground  ore  being  washed  out 
and  allowed  to  settle.  The  more  modern  mill*  consists  of  a  large 
wheel,  of  iron  or  stone,  1.65  m.  in  diameter  and  0.38  m.  wide.  It 
is  bound  together  with  an  iron  tyre  0.10  m.  thick.  It  rotates  on  a 
horizontal  shaft  attached  to  a  vertical  one.  The  other  end  of  the 
shaft  projects  so  that  a  inule  can  be  harnessed  to  it.  The  wheel 
runs  in  a  circular  space  made  of  iron,  which  is  0.50  m.  wide,  on 
the  inside  of  which  there  is  a  screen  of  five  or  six  meshes  to  the 
*  “  Engineering  and  Mining  Journal,”  vol.  xxxiii.,  p.  104. 
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inch.  When  there  arc*  two  wheels,  the  axis  is  generally  about 
three  metres  high,  and  turns  on  pivots — one  fixed  in  a  step  raised 
above  the  bottom  of  the  grinding-space,  and  the  other  held  by  a 
frame  above.  The  arm  on  which  the  wheels  revolve  is  fixed  to 
this  axis,  and  the  power  is  communicated  by  an  arm  fixed  above 
on  the  axis.  This  arm  may  be  single  for  one  mule,  or  may  pro¬ 
ject  on  both  sides ;  in  which  case  yokes  are  attached  so  that  a 
mule  can  be  harnessed  at  each  end.  The  number  of  these  mills 
depends  on  the  amount  of  work  to  be  done.  When  the  amount 
is  small,  mules  are  always  used  ;  but  when  it  is  large,  water 
power  or  steam  is  the  motor. 

In  some  of  the  works  both  the  Chilian  mill  and  the  stamps 
have  been  abandoned  for  a  series  of  crushers,  quebraderos,  or  for 
even  a  single  one.  In  this  way,  by  a  machine  readily  managed 
and  repaired,  a  much  larger  amount  of  material  can  be  prepared 
for  the  arrastra  than  by  either  of  the  other  machines. 

II.  Grinding  and  Amalgamating  the  Ore  in  the  Arrastra. 

The  crushed  ore  goes  from  the  stamps  or  Chilian  mill  to  the 
arrastra,  which  is  a  veiy  important  part  of  the  process,  as  the 
yield  of  the  ore  depends  very  largely  on  the  work  which  is  done  in 
it.  Its  action  is  very  slow,  but  no  machine  yet  invented  can 
compete  with  it  in  the  efficiency  of  its  work.  The  arrastra, 
Fig.  104,  is  generally  circular  and  somewhat  below  the  level 
of  the  ground.  It  is  from  three  to  four  metres  in  diameter. 
The  bottom  is  sometimes  made  of  the  hardest  boulders  that  can 
be  found  in  the  country,  bedded  in  clay  with  their  smooth  sides 
turned  up  and  ground  to  something  like  even  surfaces  before 
the  operation  begins.  This  is  a  bad  construction,  as  the  open 
places  between  the  stones,  in  filling  up,  cause  a  large  loss  of 
both  mercury  and  amalgam.  It  is  surprising,  however,  that  with 
such  a  rude  construction  the  loss  of  mercury  is  not  verv  much 
larger  than  in  the  better  constructed  arrastras.  This  is  owing  to  the 
great  skill  which  the  men  have  acquired,  not  only  in  working 
but  in  picking  out  the  mercury  and  amalgam  from  the  cracks,  and 
refilling  them  with  slimes.  Such  an  arrastra  will  have  to  be  run  the 
longest  time  possible,  fifteen  or  twenty  days,  before  a  clean-up  is 
made.  It  will  then  generally  be  found  expedient  to  remove  the 
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tailings  and  work  up  all  the  material  in  the  interstices.  A  properly 
constructed  arrastra  can,  however,  be  cleaned  up  every  few  days 
without  disturbing  the  pavement.  It  is  generally  built  of  paving 
stones  or  slabs  of  quartzose  porphyry.  In  the  best  works,  the 
edges  of  these  stones  are  carefully  dressed  and  they  are  put 
together  with  cement,  or  when  that  cannot  be  had,  with  the  very 
fine  tails  which  result  from  washing  up  the  torta.  These  stones 
are  0.75  m.  in  length.  They  are  placed  vertically.  When 
put  in  with  care,  the  bottom  will  last  for  twelve  months.  It 
will  then  be  necessary  to  clean  out  all  the  cracks  and  repair 
it,  taking  up  the  stones,  carefully  scraping  them,  and  washing 
the  dirt  upon  and  that  beneath  them,  to  recover  any  mer¬ 
cury  or  amalgam  that  may  have  penetrated  into  the  ground. 
The  sides  are  made  generally  of  fiat  stones  forming  a  rough 
curbing  0.G0  m.  high,  which  projects  enough  to  make  the  interior 
about  0.G0  m.  deep.  In  the  centre  of  the  arrastra,  raised  above 
the  bottom,  is  a  pivot  hole  for  the  central  shaft,  which  carries 
sometimes  two,  at  others  four  arms,  and  is  supported  above 
and  below.  To  each  of  these  arms  one  and  sometimes  two 
stones  are  attached,  which  act  as  mullers,  volacloras,  to  grind  the 
ore.  They  are  made  of  quartzose  porphyry,  which  must  have 
an  open  grain  so  as  to  present  a  good  grinding  surface  until  it  is 
entirely  worn  out.  A  close-grained  stone  would  become  smooth 
after  a  little  wear,  and  would  then  be  no  longer  serviceable. 
They  are  usually,  when  there  is  only  one  to  each  arm,  a  little 
smaller  than  the  half  diameter  of  the  arrastra  and  about  0.40  m. 
thick.  Two  holes  are  drilled  in  each  one ;  into  these,  wooden 
plugs  are  driven  to  receive  staples,  by  which  they  are  fastened 
to  the  arms  by  means  of  thongs,  leather,  or  chains,  Fig.  105, 
in  such  a  way  that  their  front  edges  will  be  about  0.05  m. 
above  the  bottom,  while  the  rear  drags.  When  new,  all  the 
stones  together  weigh  from  300  to  800  kilos.  The  arms  aie 
sometimes  niched  so  as  to  allow  of  changing  the  positions  of 
the  stones  at  will.  There  are  usually  four  of  these  mulleis, 
but  sometimes  only  two,  and  in  very  rude  arrastras,  I  ig.  104, 
only  one  is  used.  They  do  not  last  much  over  a  month,  and  aie 
sometimes  worn  out  before  that  time.  When  they  are  worn 
down  to  about  200  kilos,  they  are  replaced  one  at  a  time,  so  that 
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there  are  always  old  and  new  stones  in  the  mill  at  the  same 
time. 

The  arrangement  of  the  arms  differs  according  as  animal  or 
water  power  is  to  be  used.  When  mules  are  used,  one  of  the 
arms  is  made  to  project  over  the  side  of  the  arrastra,  and  to  it 
one  and  sometimes  two  mules  are  hitched.  Such  arrastras  are 
called  arrastra  de  mula,  or  when  they  are  of  large  size,  arrastra 
de  marca.  When  water  power  is  to  be  used,  all  the  horizontal 
arms  project  beyond  the  rim.  From  these  arms  rods  descend, 
which  support  a  horizontal  wheel,  which  revolves  around  outside 
of  the  arrastra  a  few  centimetres  above  the  pit.  In  the  circum¬ 
ference  of  this  wheel,  at  intervals  of  0.15  m.,  rectangular  floats, 
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slightly  concave,  and  set  edgewise,  are  placed,  Fig.  105.  These  are 
called  spoons,  cucharus,  and  these  arrastras  are  distinguished  as 
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spoon  arrastras,  tahona  or  arrastra  cle  cuchara,  in  distinction  from 
the  arrastra  de  mala.  The  men  in  charge  of  the  grinding  are 
called  tahoneros.  The  water  strikes  these  paddles,  the  power  being 
acquired  while  descending  through  a  tapering  shoot  which  has  a 
fall  of  0.20  m.  in  every  3.5  m.  to  4.5  m.  This  horizontal  water¬ 
wheel*  runs  in  a  channel  a  few  centimetres  deep  on  the  outside 
of  the  arrastra,  as  shown  in  Fig.  105.  If  the  central  space,  called 
tosa,  which  is  the  arrastra  proper,  is  three  metres  in  diameter,  it 
is  usually  not  more,  and  about  0.50  m.  deep,  the  wheel  six  metres 
in  diameter  with  a  width  of  from  0.60  m.  to  0.70  m.,  the  outside 
diameter  of  the  ditch  would  be  about  7  m.  Such  an  arrastra 
can  treat  between  400  to  COO  kilos,  of  soft  ore  in  twenty-four 
hours,  or  if  it  is  hard,  700  and  800  kilos,  in  about  three  days. 
This  is  a  wasteful  appliance,  but  there  is  a  superabundance  of 
water,  so  that  it  makes  little  difference.  These  arrastras  are 
constantly  employed  when  water-power  can  be  had.  A  wheel  of 
this  kind  with  a  diameter  of  6  metres  will  carry  two  mullers 
for  twenty-four  hours  without  stopping,  as  fast  as  four  mules 
can,  that  cannot  work  for  more  than  eight  hours  a  day.t  At 
Chihuahua  such  a  wheel  runs  both  the  arrastra  and  the  stamps. 
When  overshot  water-wheels  are  used,  the  power  is  transmitted 
by  spur  gearing  on  the  upper  part  of  the  central  shaft. 

In  some  few  cases  an  overshot  water-wheel  is  used  to  run  a 
number  of  arrastras.  The  power  is  transmitted  by  wooden 
gearings.  When  the  arrastra  is  new,  or  when  a  new  bottom  has 
been  put  in,  rehajado,  it  is  turned  either  empty  or  with  a  few 
cargos  of  tailings,  jales,  or  low  grade  ores,  t terras  de  labor ,  so  as 
to  make  the  stones  even  and  till  up  the  cracks — if  the  stones  have 
been  simply  laid  together — with  material  of  but  little  value. 

A  good  deal  of  importance  is  attached  to  the  use  of  the  proper 
quantity  of  water,  and  to  the  times  as  well  as  the  way  in  which 
it  is  added.  When  a  new  bottom  has  been  put  in,  one  muller  is 
attached  to  the  arm,  and  it  is  set  to  work  grinding  up  with  water 
the  residues  of  the  washing  of  a  torta ,  to  smooth  down  the  pave¬ 
ment  and  to  fill  up  any  cracks.  This  is  continued  for  one  day. 
The  next  day  another  muller  is  attached  ;  the  third  day  anothei. 

*  Trans.  Am.  Inst,  of  Min.  Eng.,  vol.  xi. 

t  Report  of  the  U.  S.  Mining  Commissioner,  1872,  p.  43G. 
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On  the  fourth  day  poor  ores  are  charged ;  at  the  end  of  four  or 
five  days,  the  fourth  muller  is  attached,  and  the  usual  work  is 
then  commenced.  From  one-half  to  two-thirds  of  the  total 
quantity  of  ore  to  be  treated  is  added  at  first.  If  there  is  any 
free  gold  or  silver  in  the  ore,  a  little  mercury  is  added  at  the  start 
in  order  to  catch  it.  The  quantity  of  gold  contained  in  most 
Mexican  ores  is  so  small,  that  if  it  was  not  separated  in  some  way 
in  the  treatment,  it  would  be  absorbed  in  the  silver,  and  its 
separation  by  a  parting  process  would  hardly  pay,  so  that  it 
would  be  lost ;  but  by  adding  mercury,  especially  that  which  has 
already  been  through  the  armstra,  much  of  it  is  collected.  When 
the  ores  contain  a  very  considerable  quantity  of  native  gold  or 
silver,  it  is  desirable  to  collect  as  much  as  possible  with  mercury 
in  the  arrastra ;  and  if  no  other  minerals  are  associated  with  it, 
the  whole  or  the  greater  part  of  the  treatment,  as  at  Chihuahua, 
is  comprised  in  its  treatment  here.* 

The  usual  charge  is  one  ton ;  it  is  often  greater  in  large  and 
less  in  small  arrastras.  When  the  charge  has  been  introduced,  a 
few  buckets  of  water  are  thrown  in  to  make  a  sufficiently  con¬ 
sistent  pulp,  about  half  the  total  quantity  used  being  added  at 
first.  If  there  is  too  little  water,  the  ore  is  raised  and  pushed 
forward  by  the  mullers  without  being  ground.  If  there  is  too 
much,  it  packs  underneath  them.  Care  is  taken  to  add  the 
water  as  required,  to  keep  the  proper  consistency.  To  do  the 
work  most  efficiently,  the  mullers  should  be  made  to  revolve 
slowly  at  first,  but  when  the  larger  pieces  have  become  reduced, 
the  motion  is  increased  to  from  six  to  ten  turns  a  minute.  This  is 
sufficiently  rapid  to  prevent  the  larger  and  heavier  pieces  from 
settling  and  thus  clogging  the  voladoras ,  and  does  not  make  the 
charge  rise  over  the  sides.  When  the  ore  has  been  ground  about 
eight  hours,  quicksilver  is  added  in  sufficient  quantities  to 
amalgamate  the  free  gold  and  silver.  The  quicksilver  is  usually 
amalgamated  with  either  silver,  copper,  or  zinc.  The  quantity 
added  depends  on  the  quantity  of  gold  and  silver  in  the  ore  and 
on  the  quantity  to  be  worked  before  a  clean-up  is  made. 

When  the  arrastra  is  new,  or  immediately  after  a  clean-up, 
from  two  to  five  kilogrammes  of  mercury  are  added  at  once.  When 
*  For  further  details  see  the  chapter  on  the  Treatment  of  Gold  in  the 
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the  work  is  going  on  regularly,  it  is  0.25  kilo,  every  second  day. 
If  there  is  no  free  gold  or  silver,  no  mercury  is  added  in  the 
arrastra.  When  400  kilogrammes  are  treated  per  day,  which  makes 
about  12  tons  a  month,  6  kilogrammes  of  amalgam,  containing 
about  4.5  kilos,  of  quicksilver,  are  used.  This  acts  readily  as 
long  as  there  is  plenty  of  free  mercury  present;  but  as  this 
becomes  saturated  with  the  precious  metals,  fresh  quantities  must 
be  added ;  and  to  determine  what  this  quantity  should  be,  assays, 
tentadura ,  of  the  amalgam  taken  from  the  bottom,  made  by 
washing  in  a  horn  spoon,  must  be  made  every  day  or  two.  Some¬ 
times  the  assay  is  made  on  a  red  earthen  plate,  platiUo,  which  is 
used  as  a  pan. 

It  is  desirable  that  the  amalgam  should  not  be  too  liquid,  for 
it  is  then  liable  to  roll  into  the  crevices  and  be  caught  there.  If, 
however,  it  is  too  dry,  the  mercury,  being  already  nearly  satu¬ 
rated,  will  not  attack  the  precious  metal.  A  properly  constituted 
amalgam  flattens  and  spreads  itself  out,  and  presents  large  sur¬ 
faces  for  contact ;  a  liquid  one  rolls  around  in  globules  and  may 
sink  into  the  interstices  ;  and  even  if  it  does  not,  is  not  so  likely 
to  catch  the  precious  metal. 

In  some  places,  a  quarter  of  the  arrastra*  is  cleaned  to  the 
bottom,  and  the  mixture  of  ore  and  amalgam  taken  out  and 
washed.  This,  however,  is  not  usually  done,  except  in  very  small 
tortus,  when  the  ores  being  treated  are  new,  or  for  some  reason 
do  not  work  well.  Usually  the  assay  is  taken  by  probing  in 
different  parts  ;  the  different  probings  being  put  together  and 
then  tested  in  a  small  vessel  called  a  jicara,  by  pressing  the 
thumb  or  finger  against  the  side.  With  a  very  little  experience 
the  quantity  of  mercury  is  quickly  arrived  at  without  so  large 
an  assay,  and  the  horn-spoon  assay  is  sufficiently  exact.  When 
the  amalgam  is  too  dry,  more  mercury  must  be  added.  Gene- 
rally,  it  is  not  desirable  that  the  amalgam  collected  should  contain 
more  than  20  per  cent,  of  gold  and  silver. 

The  quantity  that  a  single  arrastra  can  grind  in  twenty-four 
hours,  varies  with  the  hardness  and  the  richness  of  the  ore.  It  will 
generally  be  from  400  to  GOO  kilos.,  and  will  require  the  use  of 
from  900  to  1200  litres  of  water.  When  no  grit  can  be  felt  between 
*  “  Engineering  and  Mining  Journal,”  voL  xxxiii.,  p.  104. 
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the  ihx:b  i»I  f.Tebga'.  sb?  vvi  cf  tk  inxsn  is  recorded  ^ 
e:q^  Wbso  ik  hu>is  of  tk  aaen  wb?  do  ik  wort  z? zc 
v«T  «sxiTt  5kr  5t»d!Ks  Bake  ik  sea  k  rei^  scaae  of 
to?  palp  an  tbe  lobe  of  the  «r.  Hwe  is  wnakike  dirermce 
in  (be  siynas  of  (be  palp  in  diSerecs  seeskres.  Wn b  coarse*  ore, 
(be  iffiikiEtfMo  wiS  not  be  so  peifecs  :  Ira  tbnee  vk  s*  ik*s 
pneske  dim  ton  (be  greater  yieM  of  £ne  poip  does  not  par 
(be  enn  eipenst.  aai  that  (be  eerocnr  in  pr>ionagQ 
ctsirker  ihslis  m? :  re  (ban  pap  for  (be  Vws  in  ykj-i  Tboee  ai» 
grind  sne  i~akt*ir?  (be  cqebiit,  sai  das  (bar  resls  are 

^^tKUiT  in  vickl  expense,  mi  (hue.  Probably  (be  <£^reoces 
m  (be  cs*iki*s  at  (be  ore  have  led  to  (be  diSereores  in  pnesio? 
in  (be  Tirkcs  -iiarwa.  Wb®  (be  assay  shows  (be  wort  is 
ppcperiy  done,  water  is  introduced  to  tVHi  down  (be  akrcre  a ad 
a^rw  (be  heavier  particle*  to  <eok  The  (bin  ^  f— B  *** 
<K3ber  dipped  ccs  into  barrels  and  carried  to  (be 


bii^nK,  or  mso  kanlas.  fron  which  (bey  rm  into  (be  setxZinz- 
vat^  Sometimes  a  ^toas  or  ping  is  pczs  iz^  tbe  sides  of  tbe  arrasszw 
Ijf  (be  perron  of  LL:-mirg  t be  pnip  to  Sow  into  (be 
These  troughs  are  restored  as  soon  as  (bey  have  been  ®=e<L 
Whaa  (be  padp  is  dipped  ont.  a  cover  is  pra  on  the  Scot  of  (be 
arrassra  to  protect  (be  azzaoa&L  When  no  protection  is 
care  is  taken.  not  to  go  near  tbe  hectare.  The  whole  of  (be  sows 
are  not  reserved  at  any  one  tine,  except  to  sake  a  ckan-tp.  In 
the  pits,  (be  stints  are  allowed  to  seok  imril  they  are  r»iy  to  be 
carried  to  (be  patio.  It  takes  aicra  three  days  to  grind  a  charge. 

At  ChLstiaa  on  native  stiver  ores,  tbe  arrastra  is  ^nealT 
Parsed  with  isonpa-  day  of  tbiid-ciass  ore.  yielih—  fare  $230 
to  Sl«>jO  p«r  (oel  ibjniiag  a b:cn  25  IK  of  nsesrr.  After 
three  days'  rza.  ore  as  rick  as  $2500  is  added,  which  requires 
£jore  cnjcksSvcr.  As  stack  of  (bis  ore  is  ndied  as  i 


f  jr  ^  popoae  of  gating  a  ssdt  absent  of  eoGeeted 

in  the  arrastrw  preparatory  to  (be  ckan-tzp.  Soee  boors  after 
^nacksSver,  (be  arzalgassasar,  cnyrrv,  takes  an  assay 
with  the  hzen-spewn.  washes  k,  az*i  jniges  whether  tbe  paper 
of  qnkkslvar  is  presets.  These  assays  are  remark 
***  h?  <*  there  great  skO  is  rap&Ev  acqisired  in 

learning  bow  to  add  (be  naccr.  Eray  after  (be 
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silver  seems  to  be  amalgamated,  a  large  quantity  of  water  is 
added  to  the  material  in  the  arrastra,  and  kept  in  motion  from 
four  to  six  hours.  This  separates  the  amalgam  from  the  fine  ore, 
and  allows  the  heavier  particles  to  settle  to  the  bottom.  The  fine 
material  which  has  not  been  amalgamated  runs  off,  carrying  with 
it  all  the  finely-ground  ore.  The  coarse  grains,  not  yet  sufficiently 
reduced,  remain  and  are  ground  in  the  next  charge.  The  tails 
which  are  thus  obtained  at  Chihuahua  are  poor,  so  poor  that  they 
are  not  worth  more  than  $3  a  ton  for  the  pat'vo  process.  They 
contain  all  the  ores  other  than  silver,  except  a  small  part  of  the 
ruby  and  sulphide  of  silver,  which  have  been  reduced  at  the 
expense  of  the  mercury.  The  sulphide  of  silver,  being  ductile,  is 
not  reduced  to  powder,  but  settles  to  the  bottom  of  the  arrastra, 
and  is  taken  out  with  the  amalgam.  Any  rich  tailings  which  come 
from  the  treatment  of  rich  silver  ore  which  has  been  added  just 
before  the  clean-up,  are  saved  for  concentration  or  treatment 
After  a  number  of  charges  have  been  ground,  the  process  of 
grinding  is  stopped  to  allow  of  collecting  the  amalgam,  which  is 
done  by  scraping  the  inside  of  the  arrastra  with  great  care. 
This  operation  is  called  raspando.  In  the  most  primitive  arrastras 
it  is  performed  as  often  as  twice  a  month,  or  perhaps  not  oftener 
than  twice  in  three  months.  In  those  of  the  best  construction  it 
is  done  from  two  to  four  times  a  year.  As  a  propeih  made 
pavement  lasts  about  a  year  there  is  no  necessity  lor  doin0 
oftener.  It  is  done  by  carefully  scraping  the  stones  and  the 
intervals  between  them  with  a  curved  tool,  in  order  to  bo  certain 
to  remove  every  particle  of  ore  and  amalgam ;  the  amalgam  so 
collected  is  called  raspa  or  raspadura.  In  case  the  pa's  ement 
worn  out,  each  stone  is  carefully  scraped  and  washed,  and  the 
earth  for  a  slight  depth  as  well.  In  some  places  the  raspa  is 
simply  washed  with  the  addition  of  fresh  mercury  in  a  w  ooi  en 
bowl,  boliche,  Fig.  Ill,  where  most  of  the  amalgam  is  collected. 
This  operation  is  called  holichar.  The  tails  are  then  washed  on 
the  planilla,  Fig.  110,  a  masonry  platform  erected  for  the  purpose 
of  concentrating  them.  The  operator  here  is  called  the  plant  t  /  o. 
When  the  ore  contains  gold,  or  in  the  more  modem  works,  as  a 
San  Dimas,  it  is  washed  in  a  pit  called  a  chuza ,  I  ig- 106,  whic  i  is 
also  used  for  the  treatment  of  concentrated  tails  from  the  patio. 
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A 


Tx 


anJl  g- The  chuza*  Is  an  excavation 


3  m.  diameter  and  0.5  m.  deep, 


lined  with  cement,  with  a  coni¬ 
cal  wooden  bowl  0.35  m.  in  dia¬ 
meter  and  0.30  m.  deep,  whose 
sides  rise  0.05  m.  above  the 
cemented  bottom  on  one  side 
Directly  above  it  at  A,  there  is  a 
wooden  trough  through  which 
water  flows  freely.  At  the  oppo¬ 


site  end  there  is  a  trough  B,  with  a  gate  having  three  plugged  holes 
through  which  to  let  otf  the  slimes.  The  scrapings  are  thrown 
into  this  trough  and  are  carried  by  the  water  into  the  Loliche ; 
a  boy  sitting  on  the  edge  of  the  chuza  keeps  the  material  in 
this  bowl  in  constant  agitation  with  his  feet,  which  disinte¬ 
grates  it.  The  mercury  and  amalgam  fall  into  and  sink  to  the 
bottom  of  the  bowl;  the  heavy  particles  other  than  these  are 
carried  into  the  chuza,  and  the  slimes  run  off  by  the  trough  B, 
from  which,  if  of  value,  they  are  collected  in  settling  tanks,  and 
if  not,  run  to  waste.  The  tails  in  the  chuza  are  concentrated  by 
drawing  out  the  plugs  and  letting  the  lighter  material  flow  away; 
but  the  work  is  done  by  hand,  and  yields  a  very  rich  material 
called  cabezuchi,  which  is  sold.  When  the  rich  tailings  have 
been  separated,  the  top  layer  of  coarsely-ground  ore  is  removed 
with  iron  scrapers  and  set  on  one  side  for  the  next  charge.  The 
amalgam  is  scraped  up  and  carried  in  wooden  bowls,  bateas,  to 
the  washmg-tanks.  The  gold  amalgam  collected  in  the  bowl  is 
strained  and  retorted  as  the  silver  is,  but  not  with  it  The  sur- 
p  us  mercury  is  not  mixed  with  that  from  the  straining  of  the 
amalgam  from  the  patio.  It  contains  considerable  gold  and  silver 
and  is  always  used  over  again  to  catch  the  free  gold  in  the’ 
arrastra,  as  amalgamated  mercury  is  always  much  more  lively  in 
catching  free  gold  than  pure.  The  amount  of  gold  separated  in 
this  way  varies  from  30  to  50  per  cent,  of  the  total  contents  of 
the  ore  This  gives  a  bullion  that  will  pay  to  part.  The  rest  of 
the  gold  ,s  recovered  in  the  patio,  either  in  the  direct  washing  of 
le  pulp,  or  m  that  of  the  polvillos,  or  is  lost  in  the  float  during 
*  Patio  Process  at  San  Dimas ;  Trans.  Am.  Inst.  Min.  Eng.,  vol.  xi. 
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the  various  processes  of  washing.  When  the  ore  does  not  contain 
native  silver,  10  to  12  per  cent,  of  precious  metals  contained  are 
taken  from  the  arrastra.  The  amalgam  taken  at  the  clean-up 
usually  contains  from  18  to  22  per  cent,  of  silver*  The  coarser 
the  silver  is,  the  less  mercury  is  required. 

The  loss  of  mercury  in  the  arrastra  is  owing  to  the  formation 
of  salts  of  mercury  by  the  impurities  contained  in  the  ores,  and 
also  to  the  flour  formed,  but  more  especially  to  the  latter. 
The  losses  at  Guanaxuato/f*  where  the  ores  contain  gold,  but  very 
little  native  silver,  it  being  in  the  form  of  sulphide,  are  given  below : 

(  Silver  ...  14  lb. 

Composition  of  amalgam .  -[ 


I  Mercury  56 


Weight  of  amalgam  used 


Mercury  added  independently  of  amalgam 

Mercury  in  amalgam  ...  ...  ...  . 

330  lb. 
56  „ 

Gold  and  silver,  Plata  Mirta,  obtained,  I 
including  that  used  in  amalgam  ^  Silver 

18  lb.  ^ 

66  ,  J 

84  „ 

f  Gold  and  silver 

Amalgam  produced  .  < 

(  Mercury 

84  lb.  ^ 
316  „  J 

"470T 

400  „ 

70  „ 


Loss 


70  lb. 


As  the  gold  was  metallic  it  probably  caused  no  loss.  This  loss 
of  mercury  is  only  a  little  more  in  weight  than  the  silver  con¬ 
tained  in  the  bullion.  It  is  a  received  opinion  among  the 
amalgamators,  a zogueros,  that  the  loss  in  mercury  will  always  be 
equal  to  the  weight  of  silver  contained  in  the  ore. 

The  increase  in  the  non-productive  portion  of  the  ore,  owing  to 
the  constant  wearing  of  the  stones  of  the  pavement  and  the 
mullers,  may  be  as  high  as  8  to  10  per  cent  It  is  a  great  objec¬ 
tion  to  the  arrastra,  which  has  therefore  been  abandoned  in  all 
the  other  processes ;  but  the  principle  of  the  machine  is  a  good 
one,  and  to  this  principle  we  shall  undoubtedly  have  to  return.! 
The  constant  rubbing  of  the  surfaces  of  the  ore  by  the  mullers, 
and  the  grinding  and  constant  rubbing  in  the  presence  of  water, 
*  “Engineering  and  Mining  Journal,”  vol.  xxxiii.,  p.  104  to  114. 
t  Phillips’s  “  Gold  and  Silver,”  p.  333.  London,  1867. 
t  I  published  this  opinion  many  years  ago,  as  the  result  of  a  careful  exami¬ 
nation  of  the  whole  subject.  It  has  recently  been  brought  into  prominence 
^in,  Trans.  Am.  Inst.  Min.  Eng.,  Sept.,  1885. 


280 


Making  the  Torta. 


makes  the  metal  bright,  and  the  mixing  brings  it  in  contact  with 
the  mercury.  It  is  a  notable  fact  that  in  some  cases  in  the  early 
days  of  California  mining,  when  Mexicans  with  their  rude 
appliances  easily  made  $50  to  $G0  a  day,  the  most  efficient 
modem  machinery  did  not  extract  more  than  $15  to  $20.  In 
some  instances,  with  the  best  modern  appliances,  an  ore  yielding 
by  assay  $700  to  $800  did  not  yield  more  than  $20  to  $30  when 
treated  in  pans,  while  fully  75  per  cent,  of  its  value  was  recovered 
by  the  use  of  the  arrastra.  In  ores  of  lower  grade,  the  rapidity 
of  the  returns  compensated  for  the  loss,  but  in  higher-grade  ores 
it  did  not.  It  Is  a  matter  of  great  surprise  that  a  machine  has 
not  yet  been  invented  to  work  rapidly  on  the  principle  of  the 
arrastra 

III.  Treatment  on  the  Patio. 
a.  Making  the  Toi'ta. — The  process  of  amalgamating  in  the 
arrastra  is  used  when  the  ore  contains  considerable  quantities  of 
iodides,  bromides,  chlorides  or  native  silver  or  gold.  When  there 
are  none  of  these  minerals  present,  it  is  only  ground  to  be 
subsequently  treated  on  the  patio,  as  are  also  the  tails  from  the 
treatment  of  the  arrastra.  The  material  from  the  arrastra  is 
carried  to  the  amalgamation  court  called  the  patio.  This  is  an 
enclosure,  more  or  less  large,  carefully  paved  and  made  as 
impervious  to  mercury  as  possible.  It  is  inclined  so  that  water 
will  easily  flow  from  it.  Little  by  little,  after  several  years’  use, 
as  the  tortas  are  made  over  the  whole  surface  of  the  court,  the 
ground  will  become  saturated  with  mercury.  Every  two  or  three 
years,  and  oftener  if  the  pavement  has  to  be  replaced,  and  more 
especially  when  the  hacienda  has  to  be  abandoned,  it  will  be 
worth  while  to  clean  up  and  work  the  dirt  beneath  the  floor. 
\ery  many  methods  have  been  tried  to  make  and  keep  this 
flooring  tight.  It  has  been  made  of  artificial  stone,  of  cement, 
and  of  asphalte,  and,  in  some  places,  of  cut  stone,  faced  on  the 
edges  and  made  tight  with  cement  In  some  places,  as  in 
Nevada  and  also  in  Mexico,  timbers  tongued  and  grooved  like 
mill  floors,  and  covered  with  water  when  not  in  use,  have  been 
laid  down  over  an  area  of  an  acre  and  a  half.  Such  a  floor  as 
this  will  last  several  years.  All  of  these  devices  are  excellent  and 
work  well ;  but  as  the  expense  is  large,  the  old  method  continues 
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in  use,  and  probably  will  do  so  till  the  whole  process  is  abandoned, 
as  it  doubtless  will  be,  except  for  very  small  works,  in  the 
course  of  a  few  years,  when  the  railroads  now  being  built  are 
completed,  and  transportation  becomes  easy  and  cheap. 

The  slimes  are  called  lama  ;  they  are  brought  to  the  patio  as 
a  liquid  mud.  In  order  to  keep  it  in  the  place  assigned  for  the 
torta ,  in  small  works  a  dam  of  sand  or  old  boards  is  made  to  con¬ 
fine  it.  and  it  is  left  for  some  time  exposed  to  the  sun  and  wind, 
to  hasten  the  separation  of  the  water  by  evaporation  as  well  as 
by  drainage.  In  larger  works,  the  pulp  flows  from  the  arrastra 
into  circular  walled  spaces  called  cajetes  or  lameros,  which  are 
used  for  the  same  purpose.  After  sufficient  material  has  been 
collected  to  treat  it,  and  when  it  has  acquired  the  consistency  of 
thick  mud,  the  piles,  called  tortus,  or  trillas ,  are  made.  The 
number  and  size  of  these  depend  on  the  size  of  the  works.  For 
ore  they  vary  from  30  to  130  tons  each  ;*  for  tails,  they  are 
usually  smaller,  or  from  16  to  20  tons.  They  occasionally  con¬ 
tain  from  half  a  ton  to  two  tons  ;  but  such  tortus  indicate  working 
on  a  very  small  scale,  and  the  pile  is  trodden  by  men.  As  the 
material  is  still  too  liquid  to  support  itself,  a  support  is  made 
around  the  outside  with  beams  or  stones,  the  joints  between  them 
being  made  tight  with  clay.  Within  this  enclosure  the  pulp  is 
placed.  It  will  usually  be  about  0.30  m.  in  thickness.  An  assay 
is  always  taken  both  to  check  the  work  already  done  by  the 
arrastra  and  to  know  what  is  being  done.  After  several  days 
exposure,  the  pile  will  be  sufficiently  thick  to  be  worked.  It  is 
spaded  over  and  made  into  a  regular  shape  of  7  to  15  metres  in 
diameter. 

k  Inti'oducing  the  Reagents. — In  about  twenty-four  hours 
after  the  shaping,  from  two  to  five  per  cent,  of  salt  is  scattered 
over  the  pile  as  evenly  as  possible.  With  ores  containing  from 
30  oz.  to  35  oz.  of  silver,  four  per  cent,  of  salt,  with  those 
containing  45  oz.  to  75  oz.,  about  four  and  a  half  per  cent,  is 
added.  The  greater  the  amount  of  salt,  the  easier  the  amalga¬ 
mation  will  be,  and  the  more  rapidly  it  will  be  effected ,  but 
notwithstanding  the  gain  in  time,  it  is  generally  found  that  the 

*  Phillips,  p.  343,  says  that  they  vary  at  Guanaxuato  from  30  to  80  mon- 
tones,  a  montone  there  being  1.02  tons. 
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cost  of  the  salt  compensates  for  it,  so  that  the  amonnt  is  usually 
restricted  to  between  three  and  four  per  cent  The  operation  of 
putting  in  the  salt  is  called  insalmoro.  The  salt  which  is  used 
in  the  process  formerly  came  from  the  evaporation  of  sea-water ; 
but  this  was  found  too  expensive,  on  account  of  the  long  trans¬ 
portation.  There  are  in  Mexico  a  large  number  of  salt  lakes, 
called  lagunes,  which  dry  up  every  year.  The  residue  contains 
about  20  percent  of  salt*  and  fully  50  per  cent  of  sand.  They 
also  contain  both  sulphate  and  carbonate  of  soda  These  impure 
residues,  taUierra,  are  purified  to  be  sent  to  the  works.  When 
purified,  they  contain  from  70  to  90  per  cent  of  salt— the  latter 
figure  being  seldom  reached— and  from  10  to  15  per  cent  of 
carbonate  of  soda  The  impurities  make  no  difference  in  the 
reactions,  except  from  there  being  so  much  less  salt 

The  bed  of  ore  which  is  prepared  with  salt  should  be  at  least 
from  25  to  30  centimetres  in  thickness,  depending  somewhat  on 
the  consistency  of  the  pulp.  The  thinner  the  pulp,  the  thicker 
l"-d  ma\  be.  In  order  to  make  the  pile  as  homogeneous  as 
possible,  it  is  trodden  by  mules  or  horses— 6  to  25  being  required 
for  treading  a  pile— the  latter  number  being  necessary  for  a 
100-ton  torta ;  16  mules  and  8  men  are  required  for  a’  60-ton 
torta.f  The  thickness  and  consistency  of  the  ore  should  be  such 
that  they  can  tread  it  without  too  much  difficulty  as  the  work 
is  extremely  laborious.  I„  order  to  have  a  perfectly  uniform 
action  the  slimes  should  not  be  too  thick— the  thickness  bein- 
■sett  by  the  hoof  of  a  mule  being  able  to  penetrate  to  the 
bottom,  and  to  be  withdrawn  without  difficulty— lea vin-  a  hole 
which  docs  not  close  up  for  several  seconds.*  Whenever  the 
imdes  stop  for  rest,  the  spading  is  continued.  In  this  way  the 
salt  is  thoroughly  incorporated  through  the  whole  mass.  This 
operation  of  treading  is  called  vepaso.  During  this  time  no 
chemical  action  takes  place,  but  only  a  mixture  of  the  ore  and 
salt  has  been  accomplished.  Every  possible  effort  has  been  made 
to  do  away  with  this  treading,  as  it  Is  so  fatiguing  to  the  animals, 
if  not  well  done  does  not  allow  of  a  fuU  treatment  of  the 
ore.  Mechanical  devices  of  many  kinds  have  been  invented  with 

de  rAr^u  “  J" 

F  T  lbxd *»  P-  144*  I  Ibid.,  p.  141. 
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more  or  less  success.  Weighted  wheels *  moved  in  various  ways 
by  mechanical  devices,  more  or  less  complicated,  have  been 
tried  with  what  seemed  to  be,  in  many  cases,  great  success  for  a 
time  ;  but  the  cost  of  repairs  has  eventually  caused  the  return  to 
the  old  way  of  treading  with  mules,  which  will  probably  be  used 
until  the  process  disappears.  The  pile  is  trodden  and  spaded 
during  the  day.  The  next  morning  it  is  again  trodden  by  the 
mules  for  an  hour  or  two,  and  spaded  again ;  after  which,  the 
“  magistral  ”  is  added.  This  substance  was  formerly  a  mixture 
of  the  sulphates  of  copper  and  iron,  obtained  exclusively  by 
roasting  iron  pyrites  in  double-hearthed  furnaces  called  coraa- 
lillo8.  It  contains  some  gangue,  but  this  does  not  affect  the 
treatment.  The  substance,  however,  is  not  of  equal  composition, 
as  it  is  obtained  by  roasting  copper  pyrites  of  very  variable  yield. 
The  following  analyses  of  this  magistral  show  how  it  may  vary  . 


Soluble  in  Water. 


Poor.t 

Best.  4 

Water  . 

7.60 

14.84 

Oxide  of  copper. . . 

2.50 

6.44 

„  iron  ... 

0.57 

0.20 

Lime  . 

3.17 

0.00 

Soda  . 

1.47 

4.19 

Sulphuric  acid  . . . 

9.15 

9.61 

Chlorine . 

0.12 

2.47 

24.58 

37.75 

Sulphate  of  copper 
Oxide  of  copper 
Sulphate  of  iron 
Sesquioxide  of  iron 
Insoluble 


Insoluble  in  Water. 


Poor. 

Best. 

Oxide  of  copper 

...  5.70 

0.62 

„  iron  ... 

...  20.50 

23.20 

„  lead  ... 

0.00 

7.35 

Lime . 

.  .  7.84 

0.00 

Silica . 

...  38.00 

28.82 

Sulphur 

...  2.22 

2.80 

Insoluble 

...  74.26 

62.79 

Soluble 

...  24.58 

37.75 

98.84  100.54 

Poor. 

Best. 

9.03 

19.00 

5.00 

5.50 

6.75 

14.80 

18.75 

25.80 

60.47 

34.90 

- 

- - 

100.00 

100.00 

In  Peru|  an  ore  of  copper  which  contains  as  high  as  ld.G2  per 
cent,  of  sulphate  of  copper,  already  an  excellent  magistra, 
used  for  making  it.  This  is  roasted  with  salt,  and  when  finis  lie 
and  ready  to  be  used,  contains  about  half  the  soluble  su  p 


*  Percy’s  “  Silver  and  Gold,”  Part  I.,  pp-  611  and  613. 
t  “  Annoles  des  Mines,”  6th  Series,  vol.  xx.,  PP- 
X  “  Berg  und  Hiittenmannischo  Zeitung,  1881,  p.  o 
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that  it  did  before.  This  in  owing  to  the  fact  that  tradition 
liah  indicated  tliat  the  ore  must  be  roasted  with  salt,  which  in 
this  case,  at  least,  is  not  only  useless,  but  is  a  harmful  condition. 
When  copper  ores  containing  sulphur  are  not  found,  but  other 
copper  ores  are,  these  are  roasted  with  the  addition  of  iron  pyrites 
for  the  purpose  of  making  the  sulphate  of  copper.  When  there 
are  no  ores  of  copper,  roasted  iron  pyrites  alone  is  sometimes 
used.*  Laur  cites  the  following  experiments : 

Two  torta*  of  ores  easily  amalgamated  were  made  and  treated 
in  exactly  the  same  way,  and  at  the  same  time.  The  piles  were 
composed  as  given  below : 


Sulphate  of  Copper. 

Sulphate  of  Iron. 

Torta. 

Torta. 

Dry  ore  . 

2000  kilos. 

2000  kilos. 

Salt . 

105 

105 

Sulphate  of  copper 

G 

0 

„  iron  ... 

... 

G 

Mercury  ... 

12 

12 

Water  . 

700 

700 

Each  torta  contained  2240  grammes  of  silver.  After  eighteen 
days,  during  which  time  it  was  necessary  to  add  16  grammes  of 
mercury  to  each  of  the  piles,  each  torta  was  washed  separately, 
and  the  amalgam  collected  and  distilled,  with  the  following  result : 

Silver  collected  in  the  sulphite  of  copper  tort*  .  181*0  grams. 

»*  ««  •«  H  iron  torta  .  780 

Loss  in  silver  in  the  sulphate  of  copper  torta  ...  ...  15.  G  per  cent. 

>»  >•  if  iron  torta .  65  „ 

This  explains  sufficiently  well  why  sulphate  of  copper  is  pre¬ 
ferred,  although  the  losses  in  such  experiments,  made  in  a  very' 
small  way,  are  much  more  than  they  would  be  in  a  large  torta. 
But  even  supposing  that  the  loss  is  reduced  to  ten  per  cent.,  with 
sulphate  of  copper  used  in  a  large  way,  the  loss  by  the  use  of 
sulphate  of  iron  would  still  be  41.6  per  cent 
In  Chili  and  Peru,f  considerable  quantities  of  sulphate  of  iron 
are  found.  It  is  mixed  with  insoluble  copper  ores  in  order  to 
produce  the  necessary'  soluble  copper  salts. 

Fe2  3  S  04 +3  Cu  O =3  Cu  S04,  +  Fes  Os. 

*  “  A unalea  des  Mines,”  Gth  Series,  voL  xx.,  p.  262. 
t  Berg  und  Hiittenmannische  Zeitung,”  1881,  p.  302 
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The  iron  is  precipitated  and  the  sulphate  of  copper  crystallized. 
The  same  result  is  obtained  with  malachite.  Chloride  of  iron 
may  also  be  used  to  produce  chloride  of  copper. 

Fe2  Cl0+3  Cu  0=3 Cu  Cla+Fe,  03. 

With  atacamite,  a  mineral  frequently  found  in  these  countries, 
a  mixture  of  chloride  and  sulphate  of  copper  is  formed. 

Cu  Cla,  3  Cu  0  +  Fea  3  S04  =  Cu  Cla  +  3  Cu  S04,  +Fe2  03. 

With  chloride  of  iron  the  following  reaction  sometimes  takes 
place — 

Cu  Cl*,  3Cu  O  +  Fe*  Cl0  =  4  Cu  Cl2  +  Fc2  Oa. 

Decomposing  iron  pyrites  can  also  be  used — 

2  Fe  S04  +  2  Cu  0  +  0  =  2  Cu  S04  +  Fe2  O,. 

This  last  reaction  is  a  little  slow ;  but  if  roasted  pyrites  are 
used,  it  takes  place  very  quickly.  If  a  little  excess  of  the  oxide 
of  copper  is  added,  no  iron  is  left  in  solution.  The  mixture 
should  be  roasted  in  such  a  way  as  not  to  decompose  any  of  the 
sulphate  of  copper,  but  all  the  sulphate  of  iron  should  yield  its 
sulphuric  acid  to  the  oxide  of  copper ;  this  it  is  almost  impossible 
to  do.  But  the  heat  makes  rapid  action  possible. 

When  no  sulphate  of  iron  can  be  had,  as  in  some  parts  of  Peru, 
sulphate  of  alumina  can  be  used : 

Al2  3  S04  +  3  Cu  0  =  3  Cu  S04  + Al2  0,. 

The  decomposition  does  not  take  place  so  rapidly  or  so  com¬ 
pletely  as  with  the  sulphate  of  iron,  owing  to  the  pasty  condition 
of  the  alumina  produced. 

On  account  of  the  difficulty  of  obtaining  the  magistral,  whose 
only  efficiency  is  the  amount  of  sulphate  of  copper  that  it  con¬ 
tains,  of  the  same  strength  at  different  times,  sulphate  of  coppei 
has  been  entirely  substituted  as  magistral  in  many  places  foi  the 
roasted  copper  pyrites  magistral,  with  great  success  and  gi eater 
certainty  and  celerity  of  working ;  but  in  many  places  the  old 
magistral  is  still  used,  and  even  when  copper  pyrites  cannot  be 
had,  roasted  iron  pyrites  is  used. 

The  magistral  is  the  most  important  reagent  employed,  and  at 
the  same  time  the  cheapest.  A  little  salt,  more  or  less,  makes  no 
special  difference ;  but  an  excess  of  magistral  is  always  disastrous, 
and  its  effects  must  be  attended  to  at  once,  or  they  v  ill  cau  l 
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serious  loss  of  both  mercury  and  silver.  The  operation  of  adding 
the  magistral  is  called  vneorporo.  W  hatever  quantity  of  magistral 
is  used,  it  is  scattered  evenly  over  the  surface  with  the  wooden 
shovels,  and  then  thoroughly  incorporated  through  the  pile  by  dig¬ 
ging  it  in,  the  operation  being  called  voltear  la  torta ,  or  turning  the 
pile.  When  this  has  been  done,  another  repaso  is  made,  which  is 
repeated  every  second  or  third  day  for  about  eight  hours.  The 
quantity  of  magistral  added  varies  from  one  half  to  two  per  cent., 
according  to  the  nature  of  the  ore  and  the  quantity  of  sulphate 
of  copper  contained  in  it ;  more  being  required  as  there  are  more 
sulphides.  On  the  supposition  that  the  sulphate  of  copper  alone 
is  of  use,  about  five  pounds  to  the  ton  of  a  35 -oz.  to  60-oz.  ore  is 
required. 

Generally  from  six  to  eight  kilogrammes  of  mercury,  azoguc, 
is  added  for  every  kilogramme  of  silver  contained  in  the  ore  in 
the  torta,  as  determined  by  the  fire  assay.  The  amount  of 
mercury  put  in  at  this  time  varies  with  the  theory  of  the  amal¬ 
gamator.  Some  add  two-thirds ;  others  three-fourths  of  the 
lowest  quantity  at  once ;  others  add  it  in  very  small  quantity 
at  first,  and  the  rest  gradually.  In  any  case,  the  effort  is  made 
to  add  it  in  the  smallest  globules  possible,  by  walking  over 
the  pile  and  squeezing  the  mercury  through  a  canvas  bag  con¬ 
taining  not  more  than  five,  or  six  kilogrammes  of  it,  or  through 
strainers  so  as  to  distribute  it  as  evenly  as  possible  over  the  pile. 

Immediately  after  the  addition  of  the  quicksilver,  the  animals  are 
set  to  treading,  the  spading  being  done  when  they  rest.  This  is 
continued  for  two  hours.  A  solution  of  hot  sulphate  of  copper  is 
then  added  to  the  pile  ;  the  quantity  being  larger  as  the  ore  con¬ 
tains  sulphur,  arsenic,  antimony,  or  zinc.  For  ordinary  pure  sul- 
phurcts,  about  four  kilogrammes  to  the  ton  are  used.  Precipi¬ 
tated  copper,  precipitado,  in  the  proportion  of  one  part  of  copper 
to  five  of  sulphate,  is  also  used.  This  cools  the  pile.  After  the  sul¬ 
phate  is  added,  the  torta  is  trodden  again  until  3  r.M.  The  mules 
employed  for  this  purposo  do  no  other  work.  They  are  generally 
blindfolded,  and  are  driven  in  teams  of  not  more  than  eight  or 
nine.  They  are  usually  tied  together  four  abreast,  and  are  driven 
by  a  man  who  stands  in  the  centre  of  the  torta  holding  the 
halter,  and  who,  by  the  aid  of  a  long  whip,  makes  them  walk  in 
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such  a  way,  commencing  at  the  outer  edge,  as  to  cover  every 
part  of  the  torta.  Sometimes  two  teams  are  at  work  on  the  same 
torta  when  it  is  very  large.  A  day’s  work  is  from  G  a.m.  to  3  p.m. 
It  is  very  fatiguing.  When  the  work  of  treading  stops,  the  feet 
of  the  mules  are  carefully  washed  in  a  tank  provided  especially 
for  that  purpose,  not  only  to  recover  the  rich  material,  hut  also 
to  keep  the  mules  healthy ;  otherwise,  being  in  constant  contact 
with  so  much  mercury,  they  would  soon  become  diseased.  They 
cannot  be  prevented  from  licking  themselves,  however,  to  get  the 
salt  the  mud  contains.  Balls  of  amalgam,  which  often  weigh* 
from  50  to  100  grammes,  are  sometimes  found  in  their  stomachs  ; 
which,  however,  contain  but  little  mercury. 

The  reactions  in  the  to)ia  commence  at  once  after  the  magistral 
is  added.  It  is  said  to  work  cold  or  hot.  There  are  two  kinds 
of  heat :  the  first  is  due  to  an  excess  of  the  reagents  ;  the  second 
results  from  cold,  and  is  called  color  de  frto.  They  differ  as  to 
their  cause,  but  the  result  is  the  same,  and  increases  the  loss  in 
mercury  while  it  diminishes  the  extraction  of  the  silver.  On 
cold  mornings,  the  heat  of  the  pile  being  greater  than  that  of  the 
air,  the  pile  steams ;  but  as  the  sun  rises  higher  this  vapour 
ceases.  This  is  called  the  calor  de  frio.  Wien  there  is  an 
excess  of  magistral,  the  chloride  of  mercury  acts  on  the  sulphide 
of  silver  and  makes  chloride  of  silver  and  sulphide  of  mercury — 
which  latter  is  entirely  lost.  A  large  amount  of  heat  is  produced 
in  this  way.  When  the  heat  is  thus  caused  by  the  excess  of 
the  reagent,  very  finely-ground  ores  containing  oxide  of  copper, 
wood-ashes  or  lime  is  added  to  decompose  the  chloride  of  copper 
which  is  formed.  Lime  or  ashes  are,  however,  never  added  when 
it  can  be  avoided ;  they  do  not  revivify  the  mercury,  and  they 
letard  the  operation  and  diminish  the  yield  of  both  gold  and 
silver.  When  lime  is  used,  it  should  be  in  fine  powder,  and  only 
jnst  enough  should  bo  added  to  produce  the  effect  If  large 
pieces  of  it  were  used,  they  would  not  be  likely  to  be  wholh 
acted  on  by  the  time  the  torta  was  right  again,  and  their  effect 
"ould  have  to  be  counteracted,  as  the  pile  would  become  too  cold. 
Tails,  or  any  other  sand  free  from  soluble  substances,  can  be  used, 
bufc  these  are  open  to  the  objection  that  they  increase  the  bulk 
*  Phillips's  “  Gold  and  Silver,”  p.  341. 


288 


Working  the  To  Ha. 


without  increasing  the  yield  of  the  torta.  When  the  heat  is  not 
too  great,  it  can  sometimes  be  cured  by  the  application  of  cold 
water ;  but  care  must  be  taken  not  to  add  so  much  as  to  thin  the 
pulp.  Cold  working  means  simply  that  the  operation  does  not 
proceed  quickly  enough,  and  that  an  insufficient  quantity  of 
magistral  has  been  added  to  the  pile.  If  left  in  this  state,  a  large 
quantity  of  mercury  would  be  lost  as  oxide  of  mercury.  To  ascer¬ 
tain  exactly  what  is  to  be  done  with  the  torta  when  in  this  state, 
assays  of  from  one  to  three  kilogrammes  ijadas,  are  taken,  and  what 
is  required  added  according  to  the  indications  which  they  give. 

Many  amalgamators  prefer  to  work  the  torta  rather  hot. 
When  it  is  manifestly  too  hot,  they  allow  it  to  remain  perfectly 
idle  for  a  few  days,  taking  assays  all  the  time  to  ascertain  when 
it  gets  back  to  the  proper  state.  They  add  nothing  to  the 
pile  in  the  mean  time,  and  when  it  has  come  back  to  its  normal 
condition,  go  on  as  if  nothing  had  happened.  They  think  that 
they  gain  time  and  do  not  lose  any  more  quicksilver  than  if  they 
worked  faster,  and  that  they  get  a  larger  yield  of  the  precious 
metals.  In  the  winter  season  a  little  less  sulphate  of  copper  is 
required  than  during  the  summer.  They  generally  begin  to 
diminish  the  quantity  of  the  reagent  in  September. 

There  have  been  a  great  many  theories  in  regard  to  the  action 
of  these  reagents,  and  a  great  many  investigations  of  them, 
which  can  hardly  be  said  to  have  cleared  up  many  of  the  obscure 
points.  A  resume  of  what  has  been  done  is  given  below*,  wrhich, 
however,  is  not  very  satisfactory,  and  does  not  throw  much  light 
on  the  subject.  Some  of  the  published  reactions,  after  careful 
trial,  could  not  be  obtained.  The  reactions  given  below  have 
been  compiled  in  the  hope  that  some  one  may  be  led  to  make  a 
more  careful  examination  of  the  w  hole  subject. 

The  amalgamators  suppose  that  the  chloride  of  sodium  cleans 
the  silver  and  the  sulphate  of  copper  heats  it,  and  that  the  amal¬ 
gam  of  silver  and  mercury  results.  The  mercury  lost  is  counted 
as  lost  mechanically  ;  the  amount  of  loss  being  about  equal  in 
weight  to  that  of  the  silver  extracted.  The  generally  received 
theory  is,  that  the  salt  and  the  sulphate  of  copper  act,  the  one  on 
the  other,  and  give  rise  to  chloride  of  copper  and  sulphate  of  soda  :• 

Cu  S04  +  2  Na  Cl  =  Cu  cu  +  Na*  S04. 

Borg  und  Iliittemnunnische  Zoitung,”  1881,  p.  303 
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Tho  chloride  of  copper  acts  on  the  metallic  silver  and  tho 
sulphide  of  silver;  chlorides  of  silver  are  formed,  which  are 
dissolved  in  tho  excess  of  chloride  of  sodium. 

2  Ag  +  2  Cu  Cl,  2  Ag  01  +  Cu,,  01^. 

Aga  8  +  Cu  01*  -  2  Ag  01  +  Ou  8. 

When  mercury  acts  on  artificially  prepared  chloride  of  silver, 
it  roduces  it  to  a  metallic  state,  when  it  enters  into  combination 

with  tho  mercury. 

2  AgCl  +  2  Hg-Hg01a  +  AgaHg. 

This  reaction  takes  some  time,  and  is  less  sensible  on  the 
natural  than  on  the  artificial  substance. 

If  chloride  of  copper  is  treated  with  mercury,  sub-chloride  of 
copper  and  sub-chlorido  of  mercury  arc  formed. 

2  Cu  0I3  +  2  Hg  -  Ou,  Cla  +  Hg,  Cl3. 

Thin  reaction  takes  place  more  rapidly  than  with  chloride  of 
silvor.  If  chloride  of  iron  is  substituted  for  the  chloride  ot 
copper,  all  tho  reactions  take  place,  but  much  more  slowly,  am 
this  is  especially  true  when  sulphide  of  silver  is  present.  «' 
presenco  of  salt  accelerates  the  reactions  in  all  uw  s.  an.' 
the  metallic  silver  in  the  ore  has  not  been  transformed  ...to 


chlorido,  this  is  attuckod  directly  by  tho  mercury. 

When  sulphide  of  silver  and  mercury  are  shaken  togc  ici, 
sulphide  of  mercury  and  amalgam  are  formed. 

•AgjS  +  2  Hg  -  Ag.  Hg  +  HgS. 

This  reaction  is  slow,  but  much  quicker  than  with  cldor.<  o  " 
silver.  All  the  sulphide  of  mercury  is  entirely  lost. 

Rainmelsberg  ami  Huntington  have  recently  111111  1  1 

ing  investigations.*  If  sulphide  of  silver  and  chloride  oUon 
arc  made  to  act  on  each  other,  either  sub-c  oiu  e  o  ^ 

chlorido  of  silver  and  sulphur  are  produced,  or  tho  su  j-c  >  <  ‘ 

copper  formed  becomes  a  sulphide, 

Ag,  S  +  2  Cu  01,  -  2  Ag  01 1  Cu,  Cl,  + 

The  liberation  oUho  sulphur  is,  however,  a  .secondary  reaction, 
taking  place  only  to  a  very  limited  extent,  t  nls  • 

Ag,S  +  CuCl,-2AgCl  +  Cu8 

Cu  S  +  Cu  Cla  ■  0us  01*  +  o. 

.  ll..*"  von  J.  Percy,  P*  u' 
*  “DieMoUllurgio  do.  Silbor.  und  QoM,  ^  vol.  »*lv., 

Brun»wiek,  1881,  and  “  Engineering  and  Minn  g 


p.  160. 
VOL.  1. 
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When  chloride  of  silver,  sulphide  of  copper,  and  ammonia  are 
heated,  a  blue  solution  is  obtained.  One  half  the  chloride  of 
silver  is  converted  into  sulphide  of  silver.  The  residue,  which  is 
black,  is  composed  of  sulphide  and  chloride  of  silver,  and  contains 
no  copper. 

8  AgCl  +  2CuS-Ag  01  +  2  Ag,S  +  3  Ag 01  +  2  Cu  Clr 

- v - /  V  ■—  1  -  ; 

Not  Uitfohrd.  Ditto! ml. 

Three  parts  of  chloride  of  silver  and  two  of  chloride  of  copper 
remain  in  solution. 

If  two  parts  of  chloride  of  silver  dissolved  in  ammonia  arc 
treated  with  sub-sulphide  of  copper,  a  mixture  of  silver  and 
sulphide  of  copper  is  precipitated,  about  one-tenth  of  the  silver 
still  remaining  in  solution. 

2  Ag  Cl  +  Cu.,  S-2  Ag  +  Cu  S  +  Cu  Cl*. 

If  four  parts  of  chloride  of  silver  arc  used,  the  copper  remains 
almost  entirely  in  solution,  and  28.2  parts  of  the  silver  are  also 
in  solution.  The  residue  consists  of  metallic  silver  and  sulphide 
of  silver. 

4  Ag  Cl  +  Cu*  S  -  2  Ag  +  Aga  S  +  2  Cu  Clr 

Professor  Huntington  found  that  when  chloride  of  silver  and 
sulphide  of  copper  are  mixed  in  on  ammoniacal  solution,  sub- 
chloride  of  copper  is  formed,  which,  reacting  on  the  chloride  of 
silver,  forms  metallic  silver  and  ehlorido  of  copper. 

2  Ag  Cl  +  Cu,  S  +  N  H,  +  Ag2  S  +  Cu,  Cl*  N  H,. 

2  Ag  Cl  +  Cu,  CL,  NH,  -  2  Ag  +  2  Cu  Cl,  N  Hr 

The  chloride  solution  for  this  reaction  must  be  kept  at  a  certain 
strength  or  the  reaction  will  cease,  and  anything  which  causes 
further  dilution  will  undo  a  part  of  the  work  already  accom¬ 
plished. 

When  chloride  of  copper  ami  sulphide  of  arsenic  are  mixed, 
rapid  decomposition  takes  place,  and  a  precipitate  of  sulphide  ol 
copper  and  chloride  of  arsenic  is  formed. 

Afl,  Sa  +  3  Cu  Cl,  -3  Cu  S  +  2  As  Cl,. 

When  chloride  of  copper  and  sulphide  of  antimony  au  nd\<  d, 
a  precipitate  containing  sulphur,  copper,  oxygen,  chlorine 
antimony  is  formed.  Some  antimony  remains  in  solution  on 
account  of  the  sulphuric  acid  formed.  When  sub-chloride  o 
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present  It  requires  a  great  deal  of  shaking  to  decompose  the 
sulphide  of  silver.  When  sulphide  of  zinc  is  present  with  chloride 
of  copper,  it  causes  the  formation  of  sulphide  of  copper  and 
chloride  of  zinc,  so  that  ores  which  contain  blende  always  amal¬ 
gamate  badly. 

From  these  reactions  it  would  seem  that  during  the  first  two 
or  three  days,  chlorides  of  copper  and  iron  are  produced  by  the 
action  of  the  magistral  on  the  salt  :  that  chloride  of  silver  is 
formed  by  the  action  of  these  chlorides  on  the  easily  attacked 
ores,  and  even  on  the  sulphide  of  silver;  that  the  chloride  of 
silver  is  dissolved  probably  at  once  in  the  excess  of  salt.  In 
ehlorurising  the  silver,  the  copper  and  iron  salts  have  become 
reduced  to  chlorides,  which  in  the  presence  of  sulphide  of  silver 
form  the  chlorides,  and  produce  metallic  silver,  or,  when 
it  is  absent,  quickly  become  oxy-chloride,  and  produce  no  further 
action.  Sub-chloride  of  copper  reduces  sulphide  of  silver ;  but 
the  sub-chloride  of  iron  does  not.  The  presence  of  mercury  pre¬ 
vents  the  formation  of  an  excess  of  chloride  of  copper,  for  as  soon 
as  there  is  an  accumulation  of  it,  it  acts  on  the  mercury  and  is 
reduced  to  sub-chloride.  Just  as  soon  as  the  mercury  is  intro¬ 
duced  the  free  silver  is  amalgamated ;  the  chloride  of  copper 
which  is  still  in  the  pulp  forms  calomel  and  sub-chloride  of  copper, 
which  acts  on  the  sulphide  of  silver  and  leaves  it  as  metal,  to  be 
acted  on  by  the  quicksilver. 

Some  authors,  especially  Mr.  Bowering,  deny  that  chloride  of 
silver  is  formed  at  all,  as  none  was  found  in  a  torta  for  four 
months  on  the  patio,  during  which  time  he  constantly  examined 
the  piles.  Mr.  Bowering  says,  in  support  of  this  theory ,  that 
when  only  two  of  the  re-agents,  sulphide  of  sib  er,  chloride  of 
sodium,  or  sulphate  of  copper  are  mixed  together,  no  etiect  1 
produced,  and  that  when  three  are  mixed  in  a  small  \t^l,  t  e 
mercury  combined  with  just  half  of  the  chlorine  in  the  ch 
°f  copper,  and  formed  sub-chlorides  of  both  metals, 
chloride  of  copper  has  the  property  of  absorbing  oxygen,  he 
eludes  that  it  is  the  principal  reagent.  According  to  this  t 
the  mercury  acting  on  the  chloride  of  copper  makes  sub-c  i  on  ^ 
°f  both.  The  chloride  of  copper  absorbs  oxygen,  which  ^ 
the  sulphide  of  silver  and  makes  sulphuric  acid,  and 


294 


Treading  the  Torta. 


silver  in  a  metallic  state  to  be  absorbed  by  the  mercury.  The 
sulphuric  acid  set  free  acts  on  the  chloride  of  sodium,  and  forms 
sulphate  of  soda.  Chlorine  is  given  off,  combines  with  the  sub- 
cliloride  to  make  a  chloride  of  copper,  which  is  again  decomposed, 
and  so  on.  In  this  case  the  sub-chloride  acts  just  as  nitric  acid 
does  in  the  manufacture  of  sulphuric  acid.  The  action  of  the 
chemicals  in  the  pile  is  especially  slow  if  sulphide  of  silver  is 
present,  in  which  case  the  loss  of  mercury  is  also  very  large. 
When  the  whole  of  the  silver  is  in  the  state  of  sulphide,  a  large 
part  of  it,  which  may  sometimes  be  as  high  as  40  per  cent.,  is 
lost.  The  mercury  transforms  the  chloride  of  copper  into  sub¬ 
chloride,  which,  like  chloride  of  silver,  is  soluble  in  an  excess  of 
salt.  The  sub-chloride  in  this  state  acts  more  energetically  on  the 
sulphide  of  silver  than  the  chloride.  A  sulphide  of  copper  is 
formed,  while  the  silver  is  precipitated,  and  the  chloride  of  copper 
formed  again  by  giving  up  half  the  copper,  which  becomes  a 
sulphide.  This  advantage  is  gained  only  at  the  expense  of  a  very 
large  quantity  of  mercury ;  and  in  order  to  prevent  this  loss,  ex¬ 
periments  were  made  of  not  introducing  the  mercury  until  much 
later  in  the  process,  but  this  did  not  succeed,  as  the  extraction  of 
the  silver  was  not  so  well  done. 

The  next  day  after  the  first  treading,  another  one  is  made. 
The  torta  is  then  allowed  to  rest  for  a  day,  with  occasional 
spadings,  quite  as  much  to  make  the  mixture  as  to  ascertain 
whether  the  ore  is  not  getting  too  stiff  from  evaporation.  As  the 
heat  of  the  sun  is  depended  on  for  a  part  of  the  chemical  action, 
water,  when  added,  must  be  added  in  the  morning,  so  as  not  to 
cool  down  the  torta  after  it  has  once  become  heated,  and  thus 
disturb  the  reactions  which  are  taking  place.  The  pile  must  be 
tiodden  several  times,  the  object  being  to  keep  renewing  the 
surface  of  the  silver  which,  without  this,  would  become  rapidly 
covered  with  a  bed  of  solid  amalgam  which  would  prevent  further 
action.  The  operation  lasts  from  three  to  six  weeks,  according 
to  the  way  in  which  it  is  conducted,  the  temperature  of  the  air, 
and  the  size  of  the  heap.  A  succession  of  cloudy  days  or  cold 
weather  in  the  summer  time  will  retard  tho  operation.  Con¬ 
tinued  or  heavy  rains  may  so  thin  the  pulp  as  to  prevent  the 
reactions  taking  place,  and  stop  all  the  working  until  the  pulp 
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thickens  up  again  from  evaporation.  When  all  the  conditions 
arc  the  most  favourable,  the  incoipuro  can  be  completed  in  15  to 
18  days.  When  they  are  unfavourable,  it  may  take  from  40  to 
50  days.  Taking  several  months  together,  20  to  25  days  will  bo 
the  average  time.  In  winter,  when  the  torta  always  works  slow, 
it  may  last  as  long  as  two  or  three  months. 

The  day  after  the  mercury  is  added,  assays,  tentaduras,  are 
made,  to  see  how  the  toiia  is  working,  to  learn  if  any  one  of  the 
reagents  used  is  required,  or  if  any  of  them  is  in  excess.  To  do 
this,  a  probe-sample,  which  will  weigh  about  250  grammes,  is  taken 
from  as  many  different  parts  of  the  pile  as  possible.  The  assay 
is  washed  in  a  horn  spoon  or  in  an  earthen  plate,  platillo,  0.18  ni. 
in  diameter  and  0.02  m.  deep,  a  rotating  motion  being  given  to 
it.  The  lighter  particles  are  carried  off,  and  the  heavier  ones 
deposited  on  the  bottom  in  the  order  of  their  gravity— the 
heaviest  being  in  the  centre.  The  mercury  which  has  not  yet 
acted,  is  generally  in  the  centre,  the  silver-white  amalgam,  ceja, 
which,  when  moved,  shows  a  distinct  tail,  lista,  next  to  this,  then 
the  undecomposed  black  sulphurets,  then  pyrites,  and  generally 
a  fifth  ring  of  mercury  in  flour.  Three  assays  are  generally  made 
on  the  torta  each  day,  one  in  the  morning  before  the  work  com¬ 
mences,  one  after  the  treading  is  about  half  done,  and  a  third  after 
it  has  been  completed.  During  the  first  few  days,  the  appearance 
of  the  mercury  remaining  unacted  upon  shows  the  workmen  what 
Is  taking  place.  The  mercury  is  always  more  or  less  attacked. 
If  during  the  first  day  it  looks  dull,  is  of  a  deep  grey  or  lead 
colour,  there  is  too  much  magistral,  and  the  torta  is  said  to  be  too 
hot,  and  the  temperature  is  really  too  high.  A  little  lime  is  then 
added  which  decomposes  part  of  the  sulphate  of  coppei  and 
slackens  the  action.  Lime  is  sometimes  replaced  by  alkaline 
ashes.  If  on  the  contrary,  the  mercury  is  perfectly  brilliunt  and 
not  acted  on  at  all,  or  is  broken  up  into  little  globules,  oi  if ’it  i* 
of  a  slightly  yellow  tinge,  the  torta  is  too  cold,  and  more  rnagistia 
must  be  added.  It  is  always  better  to  have  too  little  than  too 
much  magistral ;  more  can  always  be  added,  but  too  much 
a  loss  of  mercury.  When  the  amalgam,  limaduru  d<  pata, 
in  the  proper  condition,  it  is  in  thin  scales,  which  an  (ftsl  ' 
lected  together  into  a  mass  of  dry  silver  amalgam,  pa 
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mercury  is  easily  pressed  from  it  with  the  lingers,  ^  hen  it  is 
very  thin*  so  that  it  easily  breaks  up  into  line  globules*  it  is  said 
to  be  debil  or  weak.  When  it  is  hard  and  crystalline,  and  so 
dry  that  no  mercury  comes  out  from  it  when  it  is  pressed,  the 
amalgam  is  said  to  be  strong,  faerie,  and  more  mercury  must  bo 
added.  A  dirty  blackish  appearance  to  either  the  mercury  or 
amalgam  indicates  improper  working.  \\  hen  the  indications  of 
colour  are  all  right,  but  the  assay  shows  that  no  progress  is  being 
made,  salt  must  usually  be  added.  Sometimes  this  condition  is 
only  temporary,  and  is  owing  to  a  sudden  reduction  in  the 
temperature  of  the  air.  Generally  the  defects  are  owing  either 
to  heat  or  to  cold.  Excessive  heat  always  signifies  a  loss  in 
mercury,  and  should  bo  stopped  as  quickly  as  possible  by  adding 
cold  water  or  ashes.  If  the  heat  is  not  excessive  the  tortu  may 
be  allowed  to  stand  a  few  days.  Cold  working  is  remedied  by 
the  addition  of  salt,  or  of  sulphate  of  copper,  or  by  additional 
treading.  To  ascertain  which  of  these  is  required,  careful  assays 
must  be  made.  Generally  in  the  commencement  fresh  ore  or 
cement  copper  is  used  to  correct  the  working,  and  toward  the 
close  cement  copper  ashes,  or  lime. 

When  the  amalgam  is  very  fiuid  and  easily  breaks  up  into  very 
small  globules,  and  the  assay  shows  that  at  least  75  per  cent  of 
the  silver  in  the  pile  is  amalgamated,  the  tortu  is  said  to  be  finished 
or  re)  id  ula.  Sometimes  the  assay  shows  everything  to  be  right,  but 
no  progress  is  made  for  several  days  in  the  amalgamation.  This 
is  usually  owing  to  a  want  of  salt,  or  to  cold.  If,  on  examining 
the  black  sulphurate,  privities ,  and  rubbing  the  small  metallic 
globules  of  mercury  or  amalgam  found  among  them  with  the 
finger,  they  unite  to  a  large  globule,  the  pile  is  nearly  finished. 
If  they  yield  a  dry  amalgam,  it  is  not.  The  best  way  to  ascertain 
this,  is  to  make  a  tire  assay  of  the  original  pulp  and  of  the  toW«, 
amt  to  judge  by  the  yield.  \\  hen  the  ores  contain  galena  and 
blende,  these  substances  decompose  the  chloride  of  copper,  and  the 
sulphur  goes  to  the  copper.  The  proportion  of  magistral  to  be 
added  must,  therefore,  be  largely  increased,  notwithstanding  the 
tact  that  the  loss  in  silver  is  always  greater  when  there  is  an 
excess, 

\\  hen  the  amalgamation  is  complete,  a  considerable  quantitv  of 


297 


Loss  of  Mercury. 

mercury,  in  addition  to  that  required  for  the  amalgamation  of  the 
silver,  is  added,  with  the  object  of  making  sure  the  collection  of 
all  the  mercury  and  amalgam.  In  some  districts  this  additional 
mercury  is  called  baito.  The  pile  is  still  trodden  for  some  time. 
This  last  addition  of  mercury  has  for  its  effect  to  make  the 
amalgam  a  little  more  fluid,  so  that  it  may  be  collected  more 
easily,  and  to  collect  the  floured  mercury  which  would  not  be 
caught  in  the  subsequent  washing,  and  to  prevent  as  far  as 
possible  further  action  of  the  reagents  on  the  amalgam. 

There  is  always  a  loss  of  mercury  equal  in  weight  to  that  ot 
the  silver  contained  in  the  ore.  A  further  loss  of  from  7  to 10 
per  cent,  comes  from  that  which  is  mechanically  carried  ott  either 
in  the  patio  or  in  the  washing.  With  such  ores  40  per  cent  ot 
the  silver  is  often  lost.  The  loss  of  mercury  is  often  from  100  to 
200  per  cent,  of  the  weight  of  the  silver  obtained.  As  a  mean  it 
is  from  140  to  160  per  cent.,  or  seven  or  eight  times  the  ossln 
the  Freiberg  barrel  amalgamation  process.  The  attempt "  as  ma 
to  diminish  this  loss  by  adding  a  little  iron,  but  in  order  that  e 
effect  may  be  sensibly  felt,  a  large  amount  must  be  use  ,  ' 

increases  the  expense  and  does  not  diminish  the  loss  muc 
some  of  the  works  the  mercury  is  replaced  b\  an  amal0an 
tabling  30  per  cent,  of  copper,  which  reduces  the  loss  materia  y. 
The  effect  of  the  copper  is  the  same  as  that  of  the  balls  of  copper 
or  iron  which  are  used  in  the  Freiberg  barrel  amalgamation 
process.  Too  much  copper,  however,  must  not  be  a  e<  , 
would  make  the  amalgam  of  silver  too  friable.  The  loss  in 
is  increased  by  this  method,  but  the  loss  in  ineicury  is  ie(  uce 
120  to  150  per  cent.  The  attempt  was  also  made  to  use  a  lead  or 
tin  amalgam,  but  this  was  too  viscous,  and  became  easily  let  uc 
to  powder,  so  that  the  loss  in  silver  was  increased. 

At  the  end  of  a  time,  more  or  less  long,  no  meicuiy  is  oun 
The  operation  is  nevertheless  continued  until  the  amalgam  attaii 
a  certain  consistency.  If,  however,  the  amalgam  becomes  o 
thick,  a  fresh  charge  of  mercury  must  be  made,  adding  it  it  e 
by  little.  Sometimes  the  assays  are  made  over  onh  a  smal  pai 
of  the  torta.  A  little  salt  will  be  added  in  one  part  and  a  little 
magistral  in  another.  Assays  are  then  made  to  see  the  ettcct, 
in  order  to  show  what  should  be  done  with  the  whole  pile. 


298  Separating  the  Amalgam . 

When  the  torta  is  rend  Ida,  it  must  be  washed  as  soon  as 
possible.  If  allowed  to  stand,  the  sulphur  and  the  sulphate  of 
copper  which  have  not  been  decomposed  commence  to  act,  and 
cause  a  considerable  loss  of  silver  in  the  state  of  very  finely 
divided  amalgam,  desecho,  which  will  not  unite.  It  is  to  prevent 
this  as  much  as  possible,  that  the  large  excess  of  mercury  is 
added,  but  notwithstanding  the  excess  of  mercury  the  pile  must 
be  washed  at  the  earliest  possible  moment. 

c.  Separating  the  Arrudgam. — The  amalgam,  with  the  excess 
of  mercury,  is  scattered  through  a  large  mass  of  pulp,  from  which 
it  must  be  separated  by  washing.  This  should  be  done  once  in 
twenty-four  hours. 

The  washing,  lava ,  is  done  in  a  box  settler,  lavadero ,  or  in  a 
tub,  tina  ;  both  of  these  methods  being  in  use  in  different  works. 
The  former  is  by  far  the  most  ancient.  The  tub,  which  is  very 
much  like  the  dolly  tub  or  settler  of  California,  has  been  in 
operation  for  many  years,  but  as  it  requires  the  use  of  power,  is 
only  adopted  in  the  large  haciendas. 


The  box,  lavadero,  Figs.  107  to  109  is  built  of  stone  on  the  sides, 
and  lined  with  cement.  It  is  two  metres  long,  half  a  metre  wide, 
and  one  metre  deep.  It  has  a  platform  on  one  side  on  which  to 
pile  the  material  to  be  treated.  The  front  is  closed  with  plank 
in  which  there  are  six  holes,  0.05  m.  in  diameter,  five  of  which 
are  closed  with  plugs  of  wood.  These  serve  to  let  off  the  slimes. 
In  front  of  these  holes  is  a  vertical  wooden  trough  which 
carries  the  slime  to  an  incline  trough,  the  bottom  of  which  is 
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provided  with  several  mercury  traps  to  catch  any  mercury  or 
amalgam  that  may  be  carried  off. 

The  lavadero  is  built  directly  against  the  patio,  the  pavement 
coming  up  to  its  front  wall.  The  material  from  the  toiia  is 
carried  to  the  platform  of  the  settler  by  a  pair  of  steps  built  on 
the  platform  side.  The  box  is  first  filled  half  full  with  water. 
Two  men  then  get  into  it,  while  one  man  on  the  platform  shovels 
the  ore  into  it.  The  men  dance  in  the  water,  keeping  it  in  motion 
with  their  feet,  but  keeping  their  hands  out  of  it.  The  pulp  and 
water  are  added  little  by  little,  the  pulp  by  a  single  spadeful  at  a 
time,  until  the  slimes  flow  out  of  the  top  hole,  while  the  “water  is 
allowed  to  flow  in  only  as  fast  as  it  flows  out.  The  discharge 
falls  down  the  vertical  to  the  inclined  trough,  over  the  mercury 
traps  and  riffles,  and  goes  from  there  to  the  settling  tanks.  The 
heavier  liquid  below  is  from  time  to  time  discharged  by  removing 
the  lower  plugs.  The  men  are  obliged  to  use  a  great  deal  of 
discretion  at  this  work.  If  they  work  too  fast,  there  is  danger 
that  some  of  the  amalgam  and  mercury  will  be  carried  off.  11 
they  work  too  slow,  the  heavier  particles  collect  at  the  bottom, 
and  the  small  particles  of  amalgam  sink  through  it  slowly  or  not 
at  all.  They  know  by  experience  from  the  difficulty  of  moving 
their  feet,  when  it  is  time  to  discharge  through  the  lower  holes. 
They  never  allow  the  lower  part  of  the  box  to  become  filled. 
The  amalgam  is  not  removed  until  after  the  whole  of  the  toiiu 
has  been  washed,  then  the  supply  of  water  being  kept  up,  the 
plugs  are  removed  one  by  one  and  the  amalgam  collected.  The 
lavadero  costs  but  little  to  build,  but  requires  the  labour  of  six 
men,  treading,  charging  and  bringing  the  pulp.  As  capital  is 
scarce,  but  labour  very  abundant,  the  use  of  this  settler  is  almost 
universal  in  Mexico. 

In  some  districts  where  wood  is  cheap,  the  tub,  tina,  is  sub¬ 
stituted  for  the  stone  box.  The  agitation  in  this  is  done  with 
shovels  or  poles  from  the  sides.  No  better  results  are  obtained,  but 
the  labour  is  less  severe.  These  box  settlers  can  only  be  worked 
during  the  day,  and  must,  on  account  of  the  danger  that  some 
one  else  may  remove  a  part  of  the  amalgam,  be  cleaned  up  every 
night.  When  the  washing  of  the  torta  is  done  in  wooden  tub 
settlers,  tinas ,  they  are  usually  driven  by  water  power.  The} 
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are  from  two  to  five  metres  in  diameter,  and  one  and  a  half  to 
three  metres  deep.  The  shaft  carries  four  arms,  which  are  fitted 
with  pieces  of  wood  0.0G  m.  square  and  0.10  m.  apart,  which 
reach  to  within  0.30  m.,  or  less,  of  the  bottom  of  the  tub.  In 
the  sides  of  the  tub  there  are  two  holes,  one  0.8  m.  from  the 
bottom,  which  is  0.15  m.  in  diameter,  from  which  the  tub  is 
emptied;  the  other,  0.25  m.  from  the  bottom,  is  0.02  in.  in 
diameter,  and  from  it  the  water  overflows,  and  the  tail  assays 
are  taken.  The  axis  is  geared  by  wooden  gearing  to  a  water¬ 
wheel.  These  tubs  were  formerly  constructed  of  stone.  Three 
of  them  communicating  with  each  other,  were  placed  together, 
and  were  connected  by  one  large  wheel  driven  by  two  mules 
trained  especially  for  the  purpose.  The  first  of  these  tanks,  into 
which  the  pulp  was  put,  was  called  tina  cargadora,  the  third, 
from  which  the  discharge  was  made,  was  called  <1  isca rgado ra,  or 
discharge  tank.  In  some  of  the  works  these  tanks  are  discon¬ 
nected,  though  driven  by  the  same  power,  each  tank  being  used 
by  itself.  The  tank  is  filled  one-third  full  of  water,  and  the  axis 
is  set  in  motion  quite  rapidly ;  when  mules  were  used  they  were 
set  at  a  full  gallop,  and  a  charge  of  300  kilos,  thrown  in.  Water 
is  added  until  it  reaches  nearly  to  the  top  of  the  tub,  and  the 
speed  reduced  until  it  is  just  sufficient  to  keep  the  pulp  oft*  the 
bottom.  In  about  an  hour  the  assays  taken  from  the  top  hole 
show  that  the  mercury  has  all  settled.  The  bottom  plug  is  then 
removed,  and  the  contents  of  the  tub  discharged  into  the  settling 
tanks.  This  is  a  much  better  and  quicker  method  of  working. 
There  is  no  danger  of  the  tub  becoming  clogged  at  the  bottom, 
and  there  is  no  necessity  for  constantly  cleaning  up  at  very  short 
intervals.  The  tub  can  be  kept  going  night  and  day  until  the 
whole  torta  is  washed,  without  any  danger  of  having  a  clean-up 
made  by  others.  It  will  undoubtedly  take  the  place  of  the  box 
settler  wherever  there  is  sufficient  capital  to  erect  it. 

Wien  the  whole  torta  has  been  washed,  the  patio  must  be 
carefully  scraped,  and  also  the  interstices  between  the  stones,  to 
remove  any  particles  of  pulp,  amalgam,  or  mercury.  All  these 
scrapings,  raspadura,  are  mixed  with  the  last  of  the  pulp,  and 
are  thrown  into  the  settler.  The  time  required  to  work  depends 
on  tho  number  of  settlers.  It  is  usually  not  less  than  two  or 
three  days. 
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The  tails  from  the  lavadero  or  tinas  consist  mostly  of  iron 
pyrites  mixed  with  the  black  sulphides  and  some  ore,  their  pro¬ 
portion  being  different  with  the  different  ores  treated.  They  are 
called  cabezilla  or  cabezuela.  They  contain  some  amalgam  which 
is  recovered.  Formerly*  they  were  carried  in  wooden  bateas  to 
a  tank  tilled  with  water,  called  the  pila  apuraclora.  On  its 
surface  a  wooden  bowl,  batea  apuradora,  floats,  which  is  from 
1  m.  to  1.50  m.  in  diameter.  The  man  who  washes  with  this 
bated  leans  on  the  side  of  the  pila,  and,  taking  hold  of  the 
bowl  with  both  hands,  gives  it  a  peculiar  motion,  taking  up  a 
small  quantity  of  water,  which,  after  going  round  the  batea,  is 
discharged,  taking  some  of  the  cabezilla  with  it.  The  residues 
are  treated  on  the  patio.  Generally  the  tails  from  the  tinas  and 
lavadero  are  run  over  riffled  launders,  where  some  of  the  mercury 
and  amalgam  is  caught,  into  two  tanks  connected  with  each 
other,  which  for  a  torta  of  12  to  15  tons  are  fi\e  metres 
long,  three  wide,  and  one  deep.  These  are  called  the  tanque  and 
contratanque.  The  object  of  the  first  is  to  catch  all  the  heavy 
materials,  such  as  the  amalgam  and  the  coarse  particles  of  pulp. 
Most  of  the  material  containing  silver  and  gold  is  caught  here. 
The  contratanque  catches  only  the  lighter  particles,  hich  art 
much  poorer,  and  are  always  kept  separate,  unless  found  b}  assa} 
to  be  of  approximately  the  same  value.  The  tails  from  the 
contratanque  run  to  waste.  The  materials  caught  in  both  tanks 
are  concentrated  in  the  cliuza,  Fig.  106.  Some  amalgam,  generall\ 
not  less  than  15  kilos.,  is  caught  here,  the  amount  varying  with 
the  care  that  has  been  taken  in  the  washing. 


The  tails  from  here  are  concen¬ 
trated  on  the  planilla, t  Fig.  HO, 
which  is  a  platform  of  masonry 
from  one  and  a  half  to  two  metres 
wide,  and  with  a  slope  of  one 
metre  in  ten  towards  the  trough, 


Widthof  P(anitla  2  Met!** 
Fig.  110. 


Tig.  no.  -  #  + 

which  supplies  a  small  stream  of  slowly-running  ua  er.  e 
wall  at  the  upper  side  is  sloped,  and  furnishes  a  space  to  pi  e  up 

*  Phillips’s  “  Gold  and  Silver,”  p.  344. 

+  Patio  Process  at  St.  Dimas.  Trans.  Am.  Inst.  Min.  Eng.,  ' <M-  1  • 

I  “  Annales  do.  Mines,"  Series  C,  vol.  Plate  U.,  Figs.  5  and  0. 
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the  tails  to  be  washed.  The  workman,  planillero,  sits  on  a  strip 
of  board  put  across  the  water  trough,  and  with  a  horn  spoon 
containing  about  a  quarter  of  a  litre  throws  the  water  upon  the 
pile  of  tails.  The  operation  is  commenced  at  the  lower  left-hand 
comer,  and  continued  across  the  planilla ,  going  back  again  wThen 
the  planilla  has  been  crossed  to  the  lower  left-hand  comer,  and 
working  always  in  the  same  direction.  The  water  is  thrown  in 
such  a  way  as  to  spread  out  as  much  as  possible,  but  not  to 
splash.  When  this  has  been  repeated  several  times,  the  sand  for 
about  one  metre  from  the  water-trough  is  thrown  away.  The 
heavy  particles  are  thrown  up  on  the  pile,  and  the  operation 
recommenced.  When  the  supply  of  tails  is  exhausted  others  are 
added.  The  result  of  the  washing  is  a  small  heap  of  black 
sulphurets,  called  polviUo. 

These  are  further  concentrated  in  a 
wooden  bowl  called  a  boliche,  Fig.  Ill, 
which  has  the  shape  of  an  inverted 
truncated  cone  0.62  m.  in  diameter  and 
0.4  m.  deep,  which  is  a  hand  device  in 
every  way  similar  to  the  keeve  used  in 
dressing  copper  ores  on  Lake  Superior,* 
and  in  the  concentration  of  gold  ores  in 
California. 

The  boliche  is  sometimes  made  as  deep  as  0.8  m.,  and  corre¬ 
spondingly  large,  though  this  is  not  usual.  Water  is  put  into  the 
boliche,  and  the  sulphurets  added  and  stirred,  and  then  allowed 
to  settle.  During  the  settling  it  is  tapped  on  the  outside  with 
a  stick  or  mallet.  The  heavy  particles  containing  the  sulphurets 
settle  to  the  bottom,  and  the  sand  is  on  the  top.  The  water  is 
soaked  oft*  with  rags.  The  sand  is  scraped  off  and  thrown  away. 
Below  is  a  brownish  layer  of  poor  sulphurets  called  colas,  which 
are  removed  to  be  roasted.  Below  them  are  the  clean  polvillo 
and  a  small  quantity  of  amalgam.  The  polviUo  is  sent  to  Europe 
with  the  high  grade  ores  for  treatment.  The  roasting  of  the 
cohts  is  done  in  an  ordinary  pile  with  a  central  chimney.  It  is 
put  m  layers  0.25  m.  thick,  and  is  used  damp  in  order  to  be  able 
to  manage  it  better.  The  cover  is  made  of  earth.  The  pile  is  set 
*  “  Metallurgical  Review,”  vol.  ii.,  p.  400. 
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on  fire,  and  when  the  roasting  is  completed  the  half-burned  sticks 
are  removed.  Only  a  part  of  the  material  is  properly  roasted, 
but  it  is  all  ground  in  an  arrastra  and  added  to  the  torta.  In 
some  places  where  fuel  is  cheap,  the  roasting  is  done  in  a  rever¬ 
beratory  furnace,  and  is  consequently  much  better  done.  There 
is  always  great  uncertainty  in  roasting  in  piles.  This  roasted 
material  was  formerly  treated  in  a  torta  by  itself ;  but  it  consumes 
a  great  deal  of  mercury,  and  does  not  give  very  satisfactory 
results.  It  is  much  better  to  mix  it  in  the  piles  with  the  ore. 

In  some  places,  during  the  washing,  a  product  is  obtained 
which  contains  gold  and  silver,  and  though  there  is  not  much  of 
it,  it  is  richer  in  gold  and  silver  than  the  original  ores,  and  also 
contains  some  little  amalgam.  As  the  material  is  mostly  pyrites, 
it  is  concentrated,  ground,  and  roasted,  and  used  as  a  magistral 
Sometimes  2  per  cent,  is  obtained  in  this  way.*  Of  late  years, 
in  some  haciendas ,  all  the  tails  of  the  different  operations  have 
been  treated  by  the  Yon  Patera  process. 

IV.  Treatment  of  the  Amalgam. 

The  liquid  amalgam  is  carefully  removed  from  the  bottom  of  the 
settler.  All  that  which  is  caught  in  the  mercury  traps  is  added  to 
it.  This  is  carried  to  the  mercury  house,  azogaeria,  and  put  into 
a  large  trough,  originally  always  of  stone,  but  now  often  made  of 
iron.  When  the  whole  has  been  collected,  a  large  amount  of 
mercury,  usually  ten  to  fifteen  per  cent,  of  tli$  quantity  of  quick¬ 
silver  used  in  the  arrastra,  is  added  to  the  amalgam  in  order  to 
clean  it.  It  is  covered  with  water  to  prevent  splashing,  and  care¬ 
fully  worked  over.  Whatever  impurities  rise  to  the  surface  are 
removed  with  a  cloth,  and  fresh  water  is  again  added.  This 
operation  is  repeated  until  the  surface  becomes  and  remains 
bright.  The  amalgam  is  dried  and  weighed,  and  is  then  put  into 
a  conical  canvas  bag,  like  those  used  in  the  West,  which  is  called 
manga,  set  over  a  receptacle  made  of  hide,  pila,  to  catch  the 
drippings,  which,  as  they  contain  some  little  silver,  are  of  more 
value  in  the  next  charge  than  pure  mercury.  This  is  put  into 
flasks  for  preservation.  The  amalgam,  free  from  everything 
*  “  Engineeiing  and  Mining  Journal,”  vol.  xxxiii.,  p.  104. 
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except  mercury,  copella,  after  hanging  for  several  hours,  is  ready 
for  retorting. 

At  Chihuahua,*  where  very  rich  ores  of  native  silver  are 
treated,  the  amalgam  looks  like  a  coarse  sand,  but  by  the  addition 
of  mercury  the  dirt  is  removed  from  it.  This  dirt,  however,  is 
very  rich,  and  is  further  concentrated.  When  particularly  pure 
silver  is  required,  it  is  carefully  washed,  and  ground  on  a  stone, 
in  order  to  remove  the  sulphide  of  silver ;  the  result  is  a  very 
pure  amalgam,  which  yields  silver  purer  than  tine  bars.  The 
amalgam  cleaned  with  mercury  is  strained  in  canvas  cloths,  and 
the  excess  of  quicksilver  pressed  out.  It  is  made  into  small  balls 
0.05  m.  to  0.06  m.  in  diameter,  by  rubbing  them  with  the  hands. 
This  is  the  only  way  they  have  been  able  to  get  very  high-grade 
silver. 

Formerly,  all  the  amalgam  was  beaten  and  pressed  into  an  iron 
mould,  to  make  bricks  of  amalgam,  hollos,  of  such  a  shape  that 
when  six  were  placed  together  they  formed  a  circular  cake  with 
a  round  hole  in  the  centre.  One  ton  of  these  was  piled  on  iron 
supports,  over  a  stone  tank  filled  with  water  to  nearly  the  top  of 
a  copper  or  iron  bell,  capettina, t  which  is  0.90  m.  high,  and 
0.45  m.  in  diameter.  This  left  a  space  0.02  m.  between  the 
amalgam  and  the  bell  which  was  lowered  to  its  place  by  pulleys. 
A  wall  of  adobes ,  leaving  a  space  0.20  m.  between  the  bell  and  the 
wall,  was  then  built  around  it  and  fired  with  charcoal  for  fifteen 
hours,  and  removed  when  cold.  The  yield  of  silver  was  about 
200  kilos.,  and  the  charcoal  used  about  250  kilos,  per  charge. 
This  process  is  now  abandoned. 

In  the  more  modem  method,  the  strained  amalgam  is  charged 
into  quicksilver  fiasks  from  which  the  bottom  has  been  removed, 
Figs.  112  and  113.  Into  these  fiasks  others,  open  at  both  ends,  are 
fitted  so  that  the  lower  parts  are  beneath  the  surface  of  the  water, 
in  a  tank  placed  under  the  furnace.  The  two  fiasks  are  luted  so 
that  the  quicksilver  has  no  outlet  except  into  the  water,  where  it 
condenses,  as  the  screw  in  the  upper  part  of  the  upper  fiask  ha* 
l)een  firmly  set.  The  inside  of  the  fiask  is  then  washed  with  milk  of 
lime  or  lined  with  brown  paper  to  prevent  the  silver  from  adhering 

*  Mining  Commission  era’  Report,  1872,  p.  437. 

t  “  Annales  des  Mines,"  Series  C,  voL  xx.,  PI.  II. ,  Fig.  2. 
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to  the  sides.  To  make  sure  that  the  amalgam  fills  the  whole  flask,  it 
is  first  rammed  in,  and  then  pounded  down  with  a  heavy  mallet. 


Fig.  113. 
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30  to  35  kilos,  are  charged  in  each  of  the  flasks,  which  are  then 
set  aside  to  drain  oft'  the  excess  of  quicksilver,  and  to  allow  the 
amalgam  to  harden.  The  amalgam  is  kept  in  place  by  four 
narrow  strips  of  iron  set  into  the  mouth  of  the  flask,  and  bent 
so  as  to  cross  it  beneath  the  amalgam.  As  soon  as  three  to 
four  flasks  are  ready,  they  are  taken  to  the  retorting  furnace, 
quemadero,  Figs.  112  and  113,  where  they  are  set  on  end  over 
holes  on  the  slab  which  forms  the  top  of  the  furnace.  This 
slab  is  0.G0  m.  above  the  ground.  The  space  between  the  upper 
and  lower  flasks  is  covered  with  an  iron  plate  full  of  holes 
0.005  m.  in  diameter,  which  is  luted  to  both  the  upper  and  lower 
flask.  There  is  no  danger  of  the  amalgam  falling  out,  except 
with  an  improperly-managed  fire.  The  size  of  the  furnace  is 
very  variable,  depending  on  the  amount  to  be  treated.  It  may 
have  places  for  eight  to  ten  retorts.  In  Mexico  it  has  entirely 
superseded  tho  old  capettina, 

A  wash  of  clay,  about  0.005  m.  thick,  is  put  around  the  upper 
flasks  to  protect  them  from  the  air.  A  brick  wall  laid  up  tempo¬ 
rarily  is  then  built  round  all  the  flasks,  and  a  charcoal  fire  is  made 
inside  of  it.  The  first  object  of  the  fire  is  to  dry  the  clay  coat¬ 
ing  ;  it  is  therefore  made  to  burn  very  slowly  at  first,  so  as  to 
make  it  dry  without  cracking.  When  this  has  been  done  a  brisk 
fire  is  made  over  the  whole  of  the  flasks.  Water  is  kept  con- 
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stantly  flowing  into  the  tank  below  the  flasks,  both  to  keep  up 
the  supply  ami  to  keep  it  cool.  The  mercury  driven  out  of  the 
amalgam  falls  into  the  water  and  collects  there. 

The  operation  needs  care.  If  the  temperature  is  raised  too 
high,  there  is  danger  of  melting  the  amalgam.  If  raised  too 
quickly,  there  is  danger  of  explosion  from  the  rapid  formation  of 
the  vapours  of  quicksilver.  If  the  heat  is  not  high  enough,  the 
bullion  is  impure  from  excess  of  mercury.  As  a  precaution 
against  this,  the  purchaser  has  a  right  to  heat  the  bars  of  silver 
red  hot  to  drive  off  any  excess  of  mercury,  but  if  the  bars  melt 
while  undergoing  the  process,  the  purchaser  pays  for  them  at 
their  weight  before  heating.  If  they  do  not,  the  weight  after 
heating  is  accepted.  When  the  work  is  properly  done,  the  silver 
still  contains  one  per  cent,  of  mercury.  The  mercury  collected  in 
the  tank  is  not  entirely  free  from  silver,  and  must  be  strained. 
The  amalgam  collected  is  called  esti'ujon,  is  much  drier  than  the 
other  amalgam,  and  is  retorted  by  itself  when  enough  has  been 
collected  to  make  it  worth  while  to  do  so. 

The  retort  silver ,  plata  pasta ,  is  refined  in  a  small  reverbera¬ 
tor  furnace  built  of  adobes,  and  heated  with  wood,  which  receives 
a  charge  of  300  kilos,  of  the  crude  bullion.  This  charge  is  refined 
m  four  hours.  A  little  litharge  and  lead  are  added  to  remove  the 
impurities,  which  are  generally  sulphur,  arsenic,  lead,  iron,  and 
sometimes  zinc.  Borax  and  carbonate  of  soda  are  used  as  a  flux 
The  loss  is  seven  per  cent,  of  the  crude  bullion,  and  consists 
mostly  of  quicksilver,  but  to  some  extent  of  silver. 

The  silver  obtained  is  quite  pure:  it  contains  at  San  Dimas 
.004  of  sdver,  .0033  of  gold,  leaving  only  .0020  for  base  metals. 
At  Chihuahua  it  is  .998  from  the  arrastra,  and  .990  from  the 
treatment  of  the  tails.*  The  bars  weigh  35  kilos.  The  slags 
from  the  refining  furnace,  with  the  tails  from  the  tanks  for  wash¬ 
ing  amalgam,  and  other  products,  are  occasional^  smelted  in  a 
shaft  furnace  with  the  addition  of  galena,  and  the'  lead  is  used  in 
refining  retort  silver. 

The  loss  of  mercury  in  retorting  varies  from  two  to  six  kilo¬ 
grammes  per  ton.  The  total  loss  of  mercury  in  Mexico  has  been 
lor  many  years  calculated  on  the  supposition  that  it  requires  a  loss 
•  Mining  Commissioners’  Report  for  1872,  p.  438,  Washington,  D.C.,  1873. 


307 


Loss  of  Mercury  in  Retorting. 

of  a  unit  of  mercury  for  every  unit  of  silver  obtained.  This 
being  a  fixed  amount,  is  called  consumido ,  Any  amount  above 
this  which  is  not  recovered  is  called  perdida ,  or  loss,  and  is 
always  attributed  either  to  carelessness  on  the  part  of  the  work¬ 
men,  or  to  mechanical  losses  during  the  operation.  The  losses, 
both  the  fixed  and  the  variable,  are  always  referred  to  the 
Mexican  mark,  which  is  equal  to  248.83  grammes. 

Consumido .  248.83  grammes. 

Perdida  .  124.42  „ 

Total  loss .  373.25  „ 

The  loss  of  mercury  for  sulphuretted  ores  containing  from  $60  to 
$100  to  the  ton  will  be,  under  the  most  careful  management,  not  less 
than  four  to  five  kilogrammes ;  in  some  exceptional  cases  it  has  been 
three  kilogrammes  for  every  kilogramme  of  silver  extracted.  The 
richer  the  ore  the  greater  the  loss.  It  may  be  averaged  at  one  and 
a  half  kilogrammes  for  every  kilogramme  of  silver  produced.  With 
ores  containing  large  amounts  of  native  silver  the  loss  is  proportion¬ 
ately  much  less,  and  sometimes  even  less  in  amount.  The  loss  in 
silver  varies  from  20  to  25  per  cent,  of  the  assay  value  of  the  ore. 
Some  amalgamators  claim  that  they  can  save  as  much  as  80  or 
even  85  per  cent.,  but  this  is  doubtful,  even  with  the  ores  most 
easily  treated.  When  the  ores  contain  much  blende  and  galena 
the  loss  easily  reaches  25  to  30  per  cent.,  and  if  in  addition  to 
this  there  is  any  amount  of  antimonial  or  arsenical  sulphides,  it 
will  reach  as  high  as  40  per  cent.  A  part  of  this  loss  is,  of  course, 
counted  with  the  loss  of  the  amalgam,  which  is  earned  oft’  in  fine 
particles.  It  could  easily  be  reduced  by  better  appliances  for  catch¬ 
ing  the  mercury,  and  better  washing  and  concentration,  which 
would  catch  a  larger  part  of  the  pulp  not  acted  on.  But  there  is  a 
mechanical  loss  as  well  as  a  chemical  one,  which  must  in  any  case 
be  large.  Just  as  soon  as  it  is  possible  to  introduce  all  the 
modern  methods  of  concentration,  the  conditions  will  be  such 
that  other  processes  will  take  its  place.  Although  much  has 
been  done  to  improve  it,  no  process  with  large  losses  in  the 
precious  metal  and  excess  of  labour  can  hope  to  stand  before 
increased  facilities  for  transportation.  When  gold  is  contained 
in  an  ore  which  is  sulphide,  not  more  than  40  per  cent,  is  re- 
x  2 
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covered ;  when  it  is  free,  75  per  cent,  is  often  saved.*  The 
cost  of  the  process  will  of  necessity  vary  in  different  localities 
under  dissimilar  circumstances,  and  with  ores  whose  com¬ 
position  is  not  the  same.  The  results  vary  from  year  to  year. 
Phillips  gives  the  mean  cost  per  ton  for  reducing  these  ores  as 
follows  rf* 

Cost  of  Treatino  Ores. 


Coarse  crushing  in  dry  stamps  and  subsequent 


fine  grinding  in  arrastra  . 81.00 

Manipulation  in  patio  . 4.50 

General  expenses  of  management  .  1.20 

Repairs  . 1.20 


Sulphate  of  copper  . 

Salt  (1.6  quintals  per  ton)  . 

Quicksilver  (11  oz.  per  8oz.  of  silver)  .. 


- $8.80 

.  83.20 
.  6.60 
.  6.50 


16.20 


825.00 

Mr.  RulJ  gives  the  cost  in  detail  as  follows,  for  a  much  more 
recent  period. 


Cost  of  Grinding  One  Ton  of  Ore. 


Mules . 

...  80.115 

4  workmen  ... 

...  0.148 

1  mule-driver... 

...  0.055 

Repairs 

...  0.044 

Night  shifts  ... 

...  0.208 

80.570 

Cost  per  Ton  of  Working  Ten  Quintals  each  in  Thirty  Arrastbas. 


1  foreman  .  q 

1  helper  .  "  0.077 

3  feeders  .  . 0 .099 

0  arrastra  men  .  q  ojq 

3  watchmen .  q  132 

3  men .  0.090 

Bottom -stones  .  0  116 

Grinding-stones  . .  357 


83.112 

*  “Engineering  and  Mining  Journal,”  vol.  xxxiii.,  p.  104. 
t  Phillips’s  “  Gold  and  Silver,”  1867,  p.  367. 

♦  Engineering  and  Mining  Journal,”  vol.  xxxiii  ,  p.  105. 
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Patio  Working, 

Mules 

7  workmen . 


ter  Repcuo. 
...  $0,029 
...  0.021 


$0,050 


14  repasos  at  5  cents 

.70 

Salt  . 

...  1.55 

Sulphate  of  copper  . . . 

...  0.9G 

Labour  . 

...  0.17 

$3.38 

Settlers  and  Distilling. 

Mules . 

...  $0,082 

Various  expenses  . 

...  0.417 

Charcoal  . 

...  0.0GG 

$0,505 

General  Expense*. 

Salaries  . 

0;713 

Rent  . 

0.274 

Repairs  and  miscellaneous 

0.384 

$1,371 

Total  Cost  of  Working  per  ton. 

Coat  of  grinding  one  ton  of  ore . 

”  I**  ton  of  working  10  quintals  in  30  arrastras 

•*  M  patio  working  . 

»»  »»  settlers  and  distilling 

»»  i,  salaries,  rent,  repairs,  &c. 


$0,570 

3.112 

3.380 


1.371 


$8,998 


This  estimate  takes  no  account  of  the  mercury  lost,  estimating 
this  at  about  $7.00.  This  would  make  a  cost  of  S1G.00,  a  much 
ower  figure  than  that  given  by  other  authorities. 

Tlie  cost  at  the  hacienda  Sanceda  in  1883  was;* 


Pulverising  in  Chilian  mills . 

...  $1.03 

Grinding  in  arrastras . 

...  2.0G 

5  to  G  per  cent,  of  salt 

...  1.13 

Magistral  . 

...  0.80 

1.71  lb.  of  mercury 

...  0.90 

General  expenses 

...  2.14 

$8.12 

17,72G  tons  were  treated  with  the  average  value  of  17.11  oz.  of 
silver  to  the  ton.  Of  this,  4.37  oz.,  or  25  per  cent.,  was  lost.  The 


*  Trans.  Am.  Inst.  Min.  Eng.,  vol.  xiii.,  p.  370. 
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loss  in  quicksilver  was  1  lb.  per  7.4  oz.  of  silver  extracted ;  the 
total  cost  in  Mexican  money  being  88.12.  The  loss  in  silver 
appears  to  be  about  the  same  for  poor  and  rich  ores,  as  shown  by 
the  Table. 


Assay  Value  of  the  Ore 

Percentage  of 

per  ton. 

Silver  lost. 

32.22  . 

...  10.0 

37.00  . 

...  10.0 

42.00  . 

...  0.1 

47.00  . 

...  5.0 

99.00  . 

...  7.0 

Mr.  Chism  gives  as  the  cost  of  working 

a  860  ore  in  10-ton 

tor/as  as  follows  :* 

Cost  per  Ton  of  2000  lb. 

Breaking  per  tonf . 

$1.53 

Grinding  . 

1.40 

Scraping  arrastra  to  get  out  the  gold  amalgam . . . 

.13 

Carriage  of  slimes  from  arrastra  to  patio 

.00 

Mules  hired . 

1.73 

Labour,  including  driving  and  tending  mules,  spading  and 

washing  torta  . 

1.80 

Salt  at  0  Mexican  dollars  per  carga  of  98.3  litres 

2.80 

Sulphate  of  copper  at  0.25  (Mex.)  per  lb. 

1.33 

Charcoal  for  retorting  and  assaying  at  $0.37|  (Mex.)  per  arroiba 

.33  . 

Quicksilver  at  $0,621  (Mex.)  per  lb . 

4.08 

Salaries,  general  expenses,  including  keeping  and  feeding  of 

mules  . 

6.00 

Repairs  . 

2.133 

Concentration  of  sulpliurets  . 

2.20 

Total  ...  $27.58 


The  expense  of  working  with  tortus  of  this  size  is  much  greater 
than  if  the  pile  were  more  than  twice  as  large.  When  the  tortus 
were  of  19  tons  and  all  the  machines  were  driven  by  water  power, 
the  expense  was  as  follows : 

Cost  pee  Ton  of  2000  lb.  in  Working  a  torta  of  19  Tons. 


Breaking,  grinding,  and  use  of  tools  . $0.60 

Amalgamators’  wages  . 1.G0 

Scraping  arrastra  to  get  out  gold  amalgam  . 10 

Carrying  and  washing  scrapings . 11 

Concentrating  tailings  of  „  07 

*  Trans.  Am.  Inst.  Min.  Eng.,  vol.  xi.,  p.  70. 


t  Breaking  a  ton  of  large  ore  costs  $2.00,  but,  os  the  smalls  arc  also  worked, 
the  average  cost  is  as  stated. 


311 


Cost  of  the  Patio  Process. 

Brought  forward 

Carrying  slimes  from  arrastra  to  patio 

Mules  and  keeping . 

Labour,  spading,  and  mule-driving 

„  washing  torta  . 

Charcoal  for  retorting  silver 
Concentrating  tailings  of  torta  ... 

Materials,  salt,  000  lb.  at  8  cents 

„  sulphate  of  copper,  1251b.  at  25  cents 
,,  precipitated  ,,  25  ,,  00  ,, 

„  quicksilver  ,,  133  ,,  02s  „ 


88.00 

.42 

3.72 

1.G0 

.56 

.47 

2.00 

2.53 

1.65 

.87 

826.91 


There  is  not  only  a  very  great  saving  in  doing  the  work  bj 
power,  but  in  custom  mills,  to  which  these  last  expenses  refer 
there  is  a  considerable  profit  included  in  the  cost,  which  will 
not  be  less  than  from  $2  to  S21  per  ton.  It  is  astonish¬ 
ing  how  such  a  process  has  been  able  to  retain  its  10  '  111  a  I 
three  hundred  years.  In  every  country  where  it  has  been 
introduced,  it,  like  many  another  historical  process,  ia-s  7ie 
before  the  advance  of  rapid  means  of  communication,  as  118 
in  the  United  States  and  undoubtedly  will  m  Mexico, 
but  little  to  carry  it  out,  and  can  be  worked  on  a  large  scale  a 
well  as  a  small  one,  the  latter  having  only  this  disadv 
that  it  increases  the  loss.  The  process  requires  Pecul>“ 
ditions  of  climate,  which  adapt  it  especially  to  10 
On  account  of  the  climatic  conditions  it  lias  been  fc  - 

abandoned  in  the  West,  where  it  was  formerly  <  a 

used.  When  used  at  all  at  the  present  ,  a>  '  works 
very  small  scale,  generally  for  experiments  it  ai  j 
better  on  a  hot  day  than  on  a 

winter.  The  cheapness  of  the  plant  m  nhleflv  used, 

for  the  time,  as  money  in  Mexico.  uils  ‘by  the 

is  scarce,  while  time  is  of  no  value.  >>  °  yieiJ  in 

Von  Patera  process  has,  in  some  places,  ac  t  c  easily 

silver  and  increased  the  profits.  The  loss  111  metals 

put  up  with,  as  it  is  the  only  means  by  v  uc  1  tQ  ^  0res 

can  be  obtained.  The  method  is  only  aPP  1  Qr  j0(]ide, 

as  contain  the  silver  native,  or  as  chlon  sUbstances. 

associated  as  they  usually  are  with  high  y  oX  ^  large.  The 
The  presence  of  much  sulphide  rendeis  t  ^  antimonio  sul- 
process  becomes  difficult  with  the  arsenio  a  ^jcn(je>  tetra- 
phides,  and  impossible  when  there  is  much  e 
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hedrite,  or  boumonite  in  the  ores.  Not  the  least  of  the  disadvan¬ 
tages  of  the  process  is  the  facility  with  which  other  people  than 
the  owners,  may  make  a  clcan-up,  the  only  protection  against  this 
being  the  difficulty  of  selling  unrefined  silver,  especially  in  small 
quantities.  In  very  large  works  where  much  capital  is  invested, 
the  item  of  time  is  a  matter  of  consequence,  but  there  seems  now 
to  be  no  other  process  possible  in  Mexico,  until  transporation  shall 
become  less  difficult. 

The  Cazo  Process. 

There  seems  to  be  no  doubt  that  the  patio  process  was  in  use 
in  South  America  up  to  about  the  commencement  of  this  century. 
It  was  still  used  there,  to  a  very  limited  extent,  until  the  year 
1830,  at  which  time  it  seems  to  have  been  quite  generally  given 
up,  probably  on  account  of  the  very  large  quantity  of  negros  or 
sulphurous  ores  which  began  to  be  found.  It  was  replaced  in 
part  by  the  cazo,  or  caldron  method,  which  Ls  still  in  use  there, 
and  in  some  parts  of  Mexico,  and  partly  by  a  new  method  in 
which  the  copper  bottom  was  replaced  by  an  iron  one,  and  finally 
by  still  another  process,  which  while  it  imitated  the  pan  amal¬ 
gamation  method  so  far  as  the  machinery  was  concerned,  added 
the  chemicals  which  were  supposed  to  form  in  the  patio  already 
prepared.  These  processes  have  a  number  of  variations,  all  of 
which  are  known  as  the  Tina  processes,  and  are  used  for  the 
treatment  of  impure  ores.  They  have  acquired  great  importance 
in  South  America,  and  may  have  some  future  in  some  parts  of 
Mexico  and  of  the  United  States  We  shall  briefly  describe  all 
these  processes. 

The  cazo  process  was  invented  in  Chili,  in  the  year  1609,*  by 
a  priest,  Albaro  Alonzo  Barba,  who,  in  his  description  of  his  own 
process,  insists  that  the  vessel  in  which  the  work  is  done  should 
be  made  entirely  of  copper,  though  this  was  long  since  found  not 
to  be  necessary.  The  ores  to  which  this  method  is  applied  are 
the  rich  surface  ores — chlorides,  bromides,  and  iodides,  which,  if 
they  are  not  rich  enough,  must  be  concentrated  on  the 
lhe  process  yields  nearly  the  whole  of  the  silver  which  is  in 
them.  The  loss  in  mercury  is  from  twice  to  two  and  a  half  times 
the  total  quantity  of  silver  contained.  The  operation  lasts  not 

*  Percy's  “  Metallurgy  of  Gold  and  Silver,”  Part  I.,  p.  G56. 
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much  over  two  hours,  and  gives  tails  which  do  not  contain  more 
than  S3  to  $4  to  the  ton,  but  it  is  generally  only  applicable  to  ores 
which  contain  S80  and  upward  per  ton,  free  from  sulphur. 

This  process  was  formerly  used  in  connection  with  the  patio. 
The  ores  were  first  stamped  and  ground  in  the  arrastra.  This  is 
done  as  a  preliminary  to  a  concentration.  The  grinding  is  not 
done  so  fine  that  there  is  danger  of  any  large  part  of  the  silver 
being  carried  off  in  the  washings.  From  the  arrastra  the  pulp  is 
earned  to  the  planilla,  where  it  is  concentrated  to  such  an 
extent  that  the  concentrates  do  not  represent  more  than  two  or 
three  per  cent,  of  the  original  ore.  These  concentrates  are  treated 
in  the  cazo,  while  the  tails,  if  rich  enough,  were  formerly  treated 
on  the  patio.  There  are  two  processes  known  under  the  name  of 
the  cazo ,  distinguished  from  each  other  by  the  size  of  the  vessel 
and  the  mechanical  means  of  doing  the  work.  The  cazo  is  the 
smallest  vessel.  The  larger  one,  constructed  on  exactly  the  same 
principle,  is  called  a  fondon.  The  process  itself  is  very  simple 
and  rapid.  It  consists  in  boiling  the  concentrates,  keeping  them 
constantly  agitated  with  salt  and  sulphate  of  copper,  to  which 
mercury  is  added,  and  then  treating  the  amalgam. 

The  cazo,  as  originally  invented,  was  a  round  vessel  made 
entirely  of  copper,  but  was  afterwards  replaced  by  a  vessel,  at 
first  made  of  stone,  and  then  of  wood,  with  a  copper  bottom 
turned  up  at  the  sides.  This  vessel  was  originally  quite  small. 
Its  dimensions  were  :  diameter  above,  1  m. ;  diameter  below , 
0.60  m. ;  depth  0.45  m.  The  thickness  of  the  copper  bottom  was 
0.05  in.  to  0.00  m.  This  was  set  over  a  fireplace  without  grate 
bars,  or  chimney,  the  smoke  going  out  where  the  fuel  was  put  in. 
A  cazo  of  such  very  small  dimensions  could  treat  onl)  about 
o0  kilos,  at  a  time. 

To  treat  the  ore,  water  sufficient  to  make  a  thin  pulp  w  ith  t  u 
charge,  was  introduced.  The  fire  wras  lighted,  the  w  atei  hi  ou  ht 
to  a  boil,  and  salt  amounting  to  from  5  to  15  per  cent,  of  t  r 
weight  of  the  ore  wras  then  added.  The  workman  then  ru 
the  bottom  of  the  cazo  with  a  piece  of  wood  attached  to  a  long 
pole,  to  keep  the  copper  surface  perfectly  free.  If  the  ^  t 
been  added  before  the  ebullition  of  the  pulp,  it  'VNOU 
collected  on  the  bottom,  from  which  it  would  have  been  <■ 
to  separate  it.  As  soon  as  all  the  salt  is  dissobed, 
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addition  of  mercury  is  made.  This  will  generally  be  introduced 
in  several  portions ;  one  quarter  only  being  added  at  lirst.  In 
ten  or  fiteen  minutes  an  assay  is  taken,  with  an  open  horn 
attached  to  a  long  handle,  so  as  to  pick  out  the  heavy  parts  of 
the  ore  and  amalgam.  This  is  washed,  and  if  the  amalgam  shows 
itself  as  a  clear  grey  sand,  polvo,  the  charge  is  ready  for  the 
second  addition  of  mercury.  The  same  quantity  as  before  is 
added,  the  heat  and  movement  being  kept  up.  In  an  horn*  or  two 
after  the  start,  another  assay  is  taken,  and  another  addition  of 
mercury  made,  and  so  on  until  an  amalgam  containing  two  parts 
of  mercury  for  one  of  silver  results.  The  operation  is  then  con¬ 
sidered  as  finished.  The  amalgamator,  cazeador,  takes  a  last 
assay,  prueva  en  crudo,  which  he  washes  to  get  out  the  gangues, 
then  adds  a  large  excess  of  mercury  to  dissolve  out  the  amalgam, 
separates  it  from  the  tails,  and  then  examines  it  by  rubbing  it 
against  the  sides  of  the  vessel  to  see  if  any  of  the  ore  remains. 
If  it  does,  the  operation  must  continue  ;  if  not,  and  the  amalgam 
remains  fluid,  it  is  stopped.  At  the  end  of  six  hours  the  operation 
is  complete.  The  muddy  material  is  run  off  into  outside  re¬ 


ceptacles,  and  what  remains  in  the  cazo  is  dipped  out,  and  treated 
in  batcas ,  with  an  amount  of  mercury  equal  to  that  which  has 
already  been  used. 

It  is  of  the  greatest  importance,  during  the  whole  of  the 
operation,  to  prevent  anything  from  adhering  to  the  bottom. 
If  the  salt  was  introduced  before  ebullition  took  place,  it  would 
collect  on  the  bottom,  and  the  apparatus  would  have  to  be 
emptied  before  it  could  be  removed.  It  is  more  especially  im¬ 
portant  to  prevent  any  adherence  of  mercury,  which  would 
prevent  the  action  of  the  salts  of  silver  on  the  copper,  and  thus 
make  the  amalgamation  progress  very  slowly.  It  would  besides 
cause  a  ^i  eat  loss  in  mercury,  as  it  alone,  and  not  the  copper, 
would  reduce  the  silver  salts.  If  the  proportion  of  the  mercury  and 
silver  arc  as  two  to  one,  no  adherence  of  the  mercury  takes  place. 

Ihe  cazo  was  replaced  by  a  much  larger  vessel  *  2.15  m.  dia¬ 
meter  above,  and  1.80  m.  below,  and  0.85  m.  deep,  called  a  fimdon. 

'  **  m  ls  made  of  lmPure  cast  copper,  and  is  0.18  m.  to 
m.  t  nek,  1.80  m.  in  diameter,  and  0.18  m.  deep.  On  the 

“  Alm’  des  Mine8’”  G,  vol.  xx.,  p.  216,  PI.  HI  Fig  7 
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inside  of  the  rim  of  the  basin  a  place  is  cut  out  to  receive  the 
staves,  which  rest  on  the  bottom  of  the  cut  made  in  the  rim  of 
the  copper  basin.  These  staves  are  0.70  m.  long,  and  are  held  in 
position  by  iron  hoops.  All  the  joints  between  the  copper  and 
wood  are  made  tight  with  clay,  and  then  adobes  are  built  up 
around  the  outside  to  a  thickness  of  0.45  m.  In  the  centre  a 
raised  space  is  provided  for  the  pivot  of  the  upright  arbor  which 
carries  two  arms,  one  0.45  m.  from  the  bottom,  of  a  little  less 


diameter  than  the  interior  of  the  fondon,  and  the  other  at 
0.85  m.,  projecting  beyond  it  for  the  purpose  of  hitching  a  single 
mule  to  it.  The  lower  arm  carries  two  pieces  of  copper,  each  of 
which  weighs  140  kilos.,  which  are  used  as  mullers.  They  must 
be  so  arranged  as  to  rub  over  the  whole  surface  of  the  coppei 
bottom  to  keep  anything  from  becoming  attached  to  it,  as  it 
would  otherwise  bo  impossible  to  grind  with  such  soft  materials 
as  a  copper  muller.  The  whole  is  placed  over  a  furnace  with 
grate  bars,  on  which  the  inferior  fuel  of  the  country  is  used. 
Such  a  fondon  will  last  for  ten  years.  The  cost  is* 

60  quintals  of  copper  for  bottom,  at  $20  .  $1200 

Two  mullers... 

25  staves  at  3  reels  . . . 


Furnace  . 

Woodwork  for  the  mules  . 
House  . 


120 

9 

40 

10 

200 


$1579 


When  everything  is  ready,  the  fondon  is  charged  with  ->00 
to  600  kilos,  of  rich  ore,  and  30  to  40  kilos,  of  the  po\\dei  of 
unwashed  ore,  and  sufficient  water  to  form  a  thin  mud.  Fiu  i> 
kindled  on  the  grate,  and  the  muller  set  in  motion.  At  the  end 
of  two  hours  the  material  is  boiling ;  52  kilos,  of  salt,  oi  about 
10  per  cent,  of  the  weight  of  the  ore,  are  added.  This  relatively 
large  amount  is  necessary,  as  the  success  of  the  process  depends 
to  a  great  degree  upon  the  quantity  of  salt  used,  and  the  \  elocitj 
of  the  mullers.  With  the  richest  ores,  the  quantity  of  salt  does 
not  exceed  25  per  cent.,  and  whatever  may  be  the  necessity  foi 
it,  the  number  of  turns  of  the  muller  will  hardly  exceed  ten. 
About  half  the  weight  of  silver  contained  in  the  ore  is  then  added 
in  mercury,  and  the  mullers  set  in  motion  at  the  rate  of  ten  turns 
*  “  Ann.  des  Mines,”  Series  6,  vol.  xx.,  P*  21 1. 
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per  minute.  The  amalgamation  commences  at  once.  At  the  end 
of  an  hour  an  assay  is  taken  from  the  bottom,  taking  care  to 
take  it  ahead  of  the  muller.  If  the  amalgam  washed  out  looks 
like  light  grey  sand,  it  is  composed  of  two  of  mercury  for  one  of 
silver ;  the  same  quantity  of  mercury  is  again  added,  and  at  the 
end  of  an  hour  another  assay  is  made,  and  so  on,  until  the 
amalgam,  even  after  it  has  been  worked  in  the  fondon  for  half  an 
hour,  shows  an  excess  of  mercury.  The  prueva  en  ci'udo  is  then 
made,  and  if  any  ore  is  found,  the  operation  is  continued  half  an 
hour  without  any  addition  of  mercury.  At  the  end  of  six  hours 
the  operation  will  generally  be  finished. 

If  there  is  an  excess  of  mercury,  there  is  danger  that  the  sides 
of  the  vessel  will  be  attacked ;  if  there  is  no  excess,  but  if  the 


velocity  of  the  muller  is  decreased,  the  copper  and  mercury 
become  alloyed,  and  the  bottom  of  the  fondon  becomes  coated 
with  a  very  thin  coating  of  silver  amalgam  which  is  very  difficult 
to  remove.  As  the  copper  surface  is  much  diminished,  the 
operation  is  very  considerably  lengthened.  There  is  also  danger 
that  the  mercury  will  flour,  and  the  loss  in  silver  will  be  very 
great.  There  is  only  one  remedy  for  this,  which  is  to  empty  the 
fondon,  and  scrape  the  bottom  clean.  It  is  very  easy  to  prevent 
this  accident  by  adding  the  mercury  carefully  and  in  small 
quantities  at  a  time,  and  by  keeping  up  a  uniform  but  rapid 
motion  of  the  mullers.  With  these  precautions,  the  work  is  very 
nearly  independent  of  the  skill  and  intelligence  of  the  men.  The 
results  are  quite  uniform,  and  are  obtained  in  a  very  short  time. 

As  the  reactions  are  not  performed  at  the  expense  of  the 
mercury,  there  is  no  occasion  for  any  loss  of  it.  If  the  operation 
is  well  earned  out,  all  the  mercury  used  should  be  collected  at  the 
end  of  the  process  ;  but  this  is  never  done.  Some  of  it  is  floured, 
some  of  it  volatilized,  so  that  the  loss  is  counted  at  about  two  per 

, le  le*son  ^ere  such  a  small  loss  probably  is,  that 
the  work  is  done  hot.  The  loss  in  silver  is  voidable.  The  ores 
almost  always  contain  sulphides  more  or  less  rich  in  silver,  which 

to%40  t  °*  y  tIliS  meth°d*  The  Uils  vary  from  825 
n  i  , K  .  n’  S0  ^e  fondon  process  can  gene- 

”|J'  “  *  and  tin,  Vatl.  or 

piocess,  xs  usually  associated  with  it.  Hie  residues 


Cost  of  the  Fondon  Process. 


317 


remaining  in  the  fondon  consist  for  the  most  park  of  the  oxides 
of  lead  and  iron,  and  some  sulphurets  containing  silver  and  floured 
mercury.  These  are  washed  in  large  wooden  bowls  in  a  water¬ 
tight  vat,  adding  as  much  mercury  by  weight  as  there  is  material 
to  be  treated,  in  order  to  collect  the  flour.  The  amalgam  is  treated 
as  usual. 


In  Mexico,  the  slimes  which  have  been  removed  are  put  into 
catch-pits  where  the  excess  of  water  evaporates.  They  are  then 
made  into  small  tortas%  which  are  trodden  by  men.  Two  to 
two  and  a  half  per  cent,  of  salt  is  added  to  them,  but  no  magistral, 
for  the  water  coming  out  of  the  fondon  contains  enough  copper 
salts  to  do  the  whole  of  the  work.  The  amalgamation  is  con¬ 
ducted  as  usual,  except  that  it  is  very  slow,  lasting  often  as  long 
as  three  months.  The  loss  in  silver  is  as  much  as  20  to  25  per 
cent.  The  mercury  used  is  125  to  150  per  cent,  of  the  silver  con¬ 
tained.  This  method  is  one  of  the  most  rapid  and  least  expensive 
of  the  caso  processes.  The  cost  is  given  below  :* 


Cazeador  (amalgamator)  . 

.  80.500 

Atizador  (furnace  man)  . 

.  0.280 

Wood  for  heating  the  furnace  .  . 

.  1.5G2 

Salt,  75  lb.,  at  $0  for  303  lb. 

.  1.500 

Mules  . 

.  0.187 

Mercury,  two  per  cent.,  loss 

.  0.41G 

Cost  of  distillation,  &c . 

.  0.250 

$4.G95 

single  operation  1200  lb.  of  ore  are  treated,  which  is  9.33 

reals  per  charge. 

If  to  these  the  expenses  of  dressing  and  concentration  on  the 
'planillaj  are  added,  calculating  the  expenses  in  grammes  of  fine 
silver  per  ton,  we  have  as  follows  : 

Crushing  with  mule  power  .  • 

,,  in  arrastra  . 

Washing  on  the  planiUa  ... 

/^Labour . . . 

I  Power  ... 

Amalgamation  -s 

I  Mercury 
^Distillation 

Cost  in  grammes  per  ton 


Gramni'8 
...  17.30C 

...  57.8GC 
...  17.300 

34.720 

8.057 

72.313 

09.443 

19.258 

11.573 

215.904 

308.544 


*  “  Ann.  des  Mines,”  Series  C,  vol.  xx.,  p.  2*21- 
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The  very  friable  nature  of  the  gangues  has  much  to  do  with 
the  small  cost  of  the  concentration.  The  cost  elsewhere  m 

grammes  is :  Gnmm*. 

Cost  of  extraction  and  sorting  .  92  59 

Transportation  . 


Treatment 


09.44 

231.47 


This  includes  the  cost  of  mercury,  and  shows  a  minimum  for 
the  metallurgical  treatment  The  treatment  of  these  ores  gives 
+00  grammes  in  the  cazo,  which  pays  the  cost,  the  profit  being 
in  the  treatment  of  the  tails. 

An  attempt  was  male  in  Chili*  to  treat  rich  sulphurous  ore> 
with  sulphate  of  copper  and  salt,  but  though  it  was  a  rapid 
process,  and  the  tails  were  poor,  the  enormous  losses  in  mercury 
caused  it  to  be  entirely  abandoned.  It  was  replaced  by  a  method 
no  longer  used,  but  which  is  interesting  as  showing  how  another 
grew*  out  of  it 

The  ores  upon  which  the  process  was  used  are  the  rich  bromides, 
chlorides,  and  iodides  of  the  upper  part  of  the  veins.  The  gangue 
was  oxide  of  iron,  the  carbonates  of  baryta  and  lime,  and  some 
clay.  They  contained  generally  from  $300  to  $400  of  silver  to  the 
ton.  When  such  ores  as  these  became  rare,  some  other  process 
had  to  be  used.  This  method  caused  the  almost  complete  aban¬ 
donment  of  the  cazo  process  proper ;  and  it  was  not  until  the 
ores  became  so  very  poor  that  it  was  no  longer  applicable,  that  it 
was  replaced  by  the  process  now  used  in  the  vicinity  of  Copiapo. 

The  ores  were  reduced  to  pulp  by  methods  analogous  to  those 
used  in  the  patio  process,  from  which  this  one  originated  The 
pulp  is  carried  away  bv  a  stream  of  water  to  settling-tanks  2  m.  in 
diameter  and  3  m.  deep,  made  of  sheet  iron,  the  number  in  use 
depending  on  the  size  of  the  works.  As  fast  as  one  of  these 
settling- tanks  is  full,  the  stream  is  turned  into  another,  and  so 
on.  The  tanks,  when  full,  are  left  from  eight  to  twelve  hours. 
The  clear  water  above  is  then  run  off,  and  the  mud  below  carried 
to  the  dims.  These  are  wooden  tanks  with  cast-iron  bottoms. 
They  are  1.80  m.  in  diameter,  and  1.20  m.  deep.  In  the  centre 
is  an  axis  which  carries  a  muller,  which  runs  on  or  close  to  the 


*  “  Revue  Universelle  des  Mines,"  Series  1,  vol.  xxxi.,  p.  489. 
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bottom  of  the  tina.  This  machine  was  undoubtedly  suggested 
by  the  arrastra.  The  charge  for  each  tina  is  one  and  a  half  tons 
of  pulp.  It  is  introduced  into  the  tina  while  the  muller  Is  still. 
Mercury  is  added,  to  about  twenty  times  the  amount  of  silver 
contained  in  the  ore,  and  the  muller  put  into  very  slow  motion, 
not  over  four  times  a  minute.  At  the  end  of  twenty  hours  the 
amalgamation  was  supposed  to  be  completed.  A  stream  of  water 
was  then  introduced,  and  the  light  particles  were  thus  carried 
off.  When  the  water  ran  clear,  the  particles  being  too  heavy  to 
remain  suspended  in  it,  the  mercury  and  amalgam  were  removed 
through  a  hole  made  in  the  tina  for  that  purpose,  and  collected 
in  a  cast-iron  vessel  called  a  coclia.  A  complete  operation,  in¬ 
cluding  the  grinding,  lasts  about  GO  hours.  The  cost  for  ores 
yielding  $80  to  the  ton  is  $10  per  ton,  including  the  loss  in 
mercury.  The  tails  usually  contain  from  $8  to  $10  a  ton.  They 
are  not  allowed  to  contain  more  than  825  to  $30.  As  the  ores 
themselves  are  very  pure,  the  silver  obtained  is  about  .900  fine. 
So  long  as  the  ores  were  rich  and  pure,  little  was  done  to  impro\  e 
the  process,  but  as  they  became  poorer  and  more  impuie,  the 
tails  grew  constantly  richer,  and  it  became  necessary  not  only  to 
treat  them,  but  to  treat  the  poor  ores,  desnwnte s,  which  had  been 
thrown  aside  as  not  worth  treatment.  Barrel  amalgamation  was 
tried,  but  failed,  as  did  also  the  attempt  to  chlorurise  the  ores  and 
dissolve  out  the  chloride  of  silver,  as  the  ammonia  cost  too  much 
Recourse  wras  then  had  to  the  abandoned  cazo  process,  which, 
with  a  number  of  modifications,  proved  successful. 

Another  and  very  simple  process*  which  grew  out  of  this  pie- 
ceding  one  is  applicable  to  all  the  ores  of  silver  except  argcnti 
ferous  sulphides  of  copper,  galena,  or  blende,  and  to  ores  which 
contain  more  than  one  per  cent,  of  free  arsenic,  which  causes 
great  losses  in  the  mercury.  The  inventor  of  it  is  not  known, but 
it  has  been  in  constant  use  about  Copiapo  since  1862. 

The  ores  must  be  carefully  sorted,  so  as  to  separate  them  into 
different  classes,  keeping  the  especially  rich  ores  by  tliemselv  <.  s, 
as  these  are  worked  much  more  rapidly  than  those  of  lower  giade. 
The  difference  of  time  in  the  treatment  of  the  different  ores  more 
than  makes  up  for  the  trouble  it  costs. 

*  “  Revue  Vnivorsolle  dee  Mines,”  Series  1,  vol.  xxxi.,  p.  4,13. 
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The  rich  ores,  including  the  sulphides,  are  treated  in  copper 
tanks  with  sulphate  of  copper,  salt,  and  mercury.  The  solutions 
are  all  made  by  steam,  and  beforehand,  five  per  cent,  of  the 
weight  of  the  mineral  being  added  in  salt.  The  sulphate  of 
copper  solution  is  made  up  to  20°  B.,  and  to  it  salt  is  added  until 
no  more  will  dissolve.  The  sulphate  of  copper  is  in  this  way 
transformed  into  chloride  of  copper,  and  the  soda  to  sulphate  of 
soda.  When  the  liquor  is  saturated,  it  is  decanted  into  large 
wooden  tanks,  and  metallic  copper,  usually  old  copper  sheathing, 
is  put  into  the  liquor,  which  is  heated  to  ebullition  by  a  current 
of  steam  at  a  pressure  of  three  atmospheres.  This  causes  the 
copper  to  be  attacked,  and  a  sub-chloride  of  copper  is  formed 
which  is  used  in  the  process.  The  operation  is  finished  when,  by 
taking  about  50  c.  c.  of  the  liquor  and  putting  it  into  a  litre  of 
water,  the  oxychloride  precipitates  as  a  white  powder,  leaving 
the  liquor  colourless.  The  sub-chloride  is  then  formed.  The  salt 
requires  one  vat,  the  sulphate  of  copper  two,  and  the  sub-chloride 
one,  in  their  preparation.  When  the  sub-chloride  is  formed  it 
must  be  used  as  soon  as  possible,  to  prevent  the  formation  of  the 
oxychloride,  and  in  order  to  do  this  as  far  as  can  be  done,  the 
solution  is  slightly  acidulated  with  sulphuric  acid. 

A  cast-iron  Chilian  mill,  trcipiche,  each  wheel  of  which  weighs 
four  tons,  is  used  for  grinding  the  orea  The  bottom  of  the  mill 
is  called  solera.  This  is  usually  made  of  cast  iron,  but  sometimes  of 
steel.  The  mill  turns  at  the  rate  of  ten  to  twelve  turns  a  minute. 
The  ore,  which  is  ground  sufficiently  fine,  is  carried  off  by  a 
current  of  water,  the  quantity  of  which  is  regulated  according  to 
the  fineness  to  which  the  ore  is  to  be  ground.  This  water  is  made 
to  pass  through  slime-pits  five  metres  by  two  metres,  and  one 
metre  deep,  and  must  run  otf  perfectly  clear  from  the  last  one. 
\\  hen  one  of  the  tanks  is  full,  the  stream  is  turned  on  to  another. 
The  full  one  is  left  for  eight  to  ten  hours.  The  clear  water  is 
then  drawn  off,  and  the  pulp  thrown  out  with  shovels  upon  an 
area  called  canclui ,  to  dry.  When  the  ore  is  sufficiently  dry,  it  is 
chaiged  into  barrels  similar  to  the  Freiberg  amalgamation  barrels. 
They  are  of  different  sizes,  their  capacity  being  from  one  to 
four  tons,  the  larger  the  better.  Those  which  hold  four  tons 
arc  1.80  m.  by  1.50  m.,  the  staves  are  0.075  m.  thick.  To 
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the  four  tons  of  ore,  enough  of  the  salt  solution  is  added  to  form 
a  thick  mud.  The  quantity  of  magistral  to  be  added  depends  on 
the  kind  of  gangue,  much  more  being  required  for  carbonate  of 
lime  than  for  clay  or  oxide  of  iron,  as  the  former  decomposes 
the  sub-chloride.  For  an  ore  of  about  $80  to  the  ton,  and  a 
variable  gangue,  28  to  30  litres  of  the  magistral  are  added.  The 
barrels  are  turned  from  twenty  minutes  to  half  an  hour  to  make 
the  mud  quite  uniform.  Mercury  amounting  to  from  twenty  to 
twenty-five  times  the  quantity  of  silver  contained,  is  then  added. 
If  there  is  a  large  amount  of  chloride  or  bromide  of  silver  in  the 
ore,  25  per  cent,  of  the  weight  of  the  silver  contents  of  the 
ore  is  added  in  lead.  This  is  amalgamated  with  mercury  before 
it  is  introduced,  and  has  for  its  object  to  prevent  the  formation 
of  chloride  and  bromide  of  mercury,  and  a  consequent  loss. 
Lead  is  very  easily  attacked  by  the  chloride  and  bromide  set 
free — much  more  easily  than  mercury.  This  saves  the  mercury 
from  being  lost  as  chloride,  and  also  prevents  a  mechanical 
loss,  as  the  chloride  of  mercury,  once  formed,  envelopes  the 
globules  of  mercury  and  prevents  both  their  coming  together  in  a 
mass  and  their  action  on  the  silver.  Besides  this,  the  mercury 
is  much  more  easily  reduced  to  a  powder  by  this  means,  and  is 
kept  so,  causing  a  great  loss.  This  simple  device  of  using  lead 
reduced  the  loss  in  mercury,  when  the  chloride  and  bromide  ores 
were  used,  from  150  per  cent,  to  25  per  cent.  As  soon  as  the 
mercury  is  introduced,  the  barrels  are  turned  at  the  rate  of 
four  to  five  turns  a  minute  for  six  hours.  The  operation  is  then 
complete.  Water  Is  added  in  considerable  quantities,  the  barrel 
being  turned  for  a  short  time,  and  the  tails,  amalgam,  and  mer¬ 
cury  discharged  as  in  the  Freiberg  process.  The  amalgam 
recovered  is  not  pure.  It  contains  oxide  of  copper,  produced 
by  the  action  of  the  lime  of  the  gangue  on  the  chloride  of  copper, 
and  the  sulphides  of  copper  produced  by  the  action  of  the 
sulphate  of  copper  on  the  sulphide  of  silver.  These  must  be 
separated,  the  one  by  mechanical  means,  the  other  by  chemical 
action.  The  first  is  done  in  a  tina.  The  amalgam  is  charged 
with  ten  per  cent,  of  fresh  mercury.  Water  is  added,  and  the 
muller  is  made  to  revolve  at  the  rate  of  sixteen  turns  a  minute. 
When  the  water  which  comes  off  is  entirely  clear,  all  the  sulphide, 
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and  a  part  of  the  oxide  of  copper,  will  have  been  removed.  To 
remove  the  oxide,  all  the  water  of  the  tina  is  run  off,  and  2  per 
cent,  of  carbonate  of  ammonia  is  added.  The  muller  is  revolved 
for  five  hours.  At  the  end  of  that  time  it  is  stopped,  and  the 
amalgam  washed  with  water.  If  this  has  been  properly  done 
no  oxide  will  be  left.  The  amalgam  is  distilled  in  a  capellina. 
The  mercury  which  is  strained  from  the  amalgam  becomes  little 
by  little  quite  impure.  After  it  has  been  used  five  or  six  times, 
it  amalgamates  very  slowly.  It  is  then  purified  by  adding  to  it 
20  grammes  of  sodium  amalgam  for  every  100  kilos,  of  impure 
mercury. 

The  resulting  silver,  piTia,  is  refined  in  a  reverberatory  furnace. 
It  contains  some  arsenic,  which  is  extracted  by  the  iron  of  the 
tools,  and  floats  on  the  surface  of  the  bath  and  is  removed.  The 
method  of  refining  does  not  differ  in  other  respects  from  that 
used  elsewhere.  The  silver  obtained  is  980  fine.  By  this  process, 
tails  which  do  not  contain  more  than  $6  to  $8  to  the  ton,  and 
ores  of  from  $10  upwards,  are  worked.  When  the  ores  do  not 
contain  more  than  $80  to  the  ton,  the  tails  do  not  contain  much 
more  than  $2  to  S3.  Plenty  of  good  water  is  a  necessity  for  such 
works,  both  for  purposes  of  washing  and  for  power  if  possible. 

To  treat  eight  tons  of  ore  in  twenty-four  hours,  requires  an 
area  of  500  square  metres  for  the  ores,  and  one  of  1000  square 
metres  for  drying  the  pulp ;  two  Chilian  mills  requiring  about 
six  horse-power ;  two  settling  tanks,  and  two  amalgamation 
barrels  requiring  about  eight  horse-power ;  a  vat  to  collect  the 
water  from  washing  the  barrels,  to  recover  the  floured  mercury  ; 
one  trough  for  washing  the  amalgam  ;  one  distilling  furnace  ;  one 
reverberatory  furnace  for  refining  the  silver ;  a  tank  for  the 
preparation  of  the  magistral,  with  a  three  horse-power  boiler 
attached ;  two  vats  for  dissolving  the  sulphate  of  copper ;  a  vat 
built  with  hydraulic  cement  to  make  the  salt  solution,  with  a 
boiler  for  boiling  it ;  a  syphon  for  clarifying  the  liquors,  which 
must  all  be  treated  with  lime  to  precipitate  the  copper  contained 
in  them : — these  constitute  the  machinery  and  apparatus  for  the 
works.  The  cost  of  treating  a  ton  of  ore  of  about  $4*0,  not 
including  interest  nor  sinking  fund,  would  be — 
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Crushing  . 

. $1.00 

Mercury,  magistral,  and  salt 

.  4.00 

Purifying  the  amalgam 

. 04 

Distillation  . 

. 04 

Fusion  and  firing  . 

. 09 

Various  expenses  . 

.  1.00  to  1.10 

SC.  87 

The  whole  operation  is  very  simple — quicker,  and  with  less 
loss,  than  the  barrel,  more  certain  in  its  reactions  than  the  patio, 
and  applicable  to  almost  all  the  ores  found  in  Chili.  It  is  even 
cheaper,  under  some  circumstances,  than  the  lead  fusion. 

Still  another  variety  of  the  tina  process  has  been  invented, 
by  Francke,  and  is  used  at  the  Huanchaca  and  Guadaloupe  mines 
at  Potosi,  Bolivia,  where  it  has  been  very  successfully  worked 
for  some  years.  It  is  of  great  interest,  as  it  includes  many  of 
the  best  points  of  the  Cazo  and  Pan  processes,  and  as  it  may 
be  used  for  ores  of  a  great  variety  of  yield,  it  may  possibly 
have  some  application  in  the  United  States.  It  is  used  in  South 
America  on  ores  containing  150  oz.  and  over  to  the  ton,  but 
may  be  used  on  much  poorer  ores.  The  ores  in  Bolivia  are 
highly  sulphuretted  and  are  very  impure.  They  are  first  care¬ 
fully  hand  picked,  and  sorted  into  three  grades,  as  at  Chi¬ 
huahua  (p.  2G7.)  Those  containing  from  1000  oz.  to  2000  oz.  are 
generally  sent  to  Europe  to  bo  treated.  The  second-class  ores 
yield  from  250  oz.  to  500  oz.,  and  the  third  from  100  oz.  to  250  oz. 
The  second  and  third-class  ores  are  either  kept  entirely  separate, 
or  are  mixed  together,  in  such  quantities  as  to  make  an  average 
yield  of  silver,  and  of  such  quantity  and  quality  of  gangue,  as  may 
be  found  best  to  treat.  As  by  the  process  of  hand  picking,  the  ores 
are  already  small,  they  do  not  need  to  pass  through  a  crusher, 
but  are  taken  directly  to  the  stamp  mill,  where  they  are  crushed 
dry,  and  made  to  pass  a  40-to-the-inch  sieve.  As  the  ores  of 
Potosi  contain  much  sulphur  and  considerable  quantities  of  lead, 
they  are  roasted  in  double  hearth  reverberatory  furnaces,  one 
hearth  being  above  the  other.  The  furnaces  are  quite  small,  costing 
only  about  $500  each,  and  are  capable  of  finishing  only  2  to  2J 
tons  in  twenty-four  hours.  The  ore  Is  first  roasted  on  the  upper 
hearth  to  drive  off  the  sulphur  and  the  volatile  materials,  as  it 
contains  arsenic,  antimony,  zinc  and  lead,  besides  variable  propor- 
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tions  of  copper,  sufficient,  in  most  cases,  to  form  a  large  part 
of  the  copper  compounds,  which  are  necessary  for  the  reactions 
required  in  the  subsequent  treatment.  W  hen  the  volatile  metals 
are  for  the  most  part  eliminated,  the  ore  still  retaining  con¬ 
siderable  sulphur,  is  raked  on  to  the  lower  hearth,  and  about 
400  lb.  of  salt  is  added.  This  salt  costs  $0.55  per  lb.  This  is  not 
sufficient  to  transform  all  the  metals  into  chloride,  but  this  is  not 
necessary  as  a  considerable  part  of  the  chloruration  is  subsequently 
effected  in  the  tina.  The  cast  of  working  is  quite  heavy  as  the 
fuel  is  very  expensive.  Three  kinds  of  it  are  used  in  order  to 
get  the  necessary  temperature  at  the  least  cost.  This  cost  is  made 


up  as  follows : 

Tola ,  a  coarse  shrub,  134  kilos,  at  $0.01 . $1.34 

Yareta,  a  resinous  moss,  200  kilos,  at  $0,023  . 2.50 

Torba ,  turf,  500  kilos,  at  $0.0065  .  3.25 

Labour  ...  ...  ...  ...  ...  ...  ...  ...  .75 

Total  cost . $7.64 


One  man  is  all  that  is  required  to  do  the  work  of  two  furnaces ; 
he  is  paid  $0.75  for  twelve  hours’  work.  The  temperature  is  not 
high,  and  the  repairs  to  the  furnaces  are  very  slight.  The  ore  is 
drawn  on  to  the  floor  to  cool  and  is  then  taken  in  cars  to  the 
ore  hoppers  from  which  it  is  discharged  into  the  tina.  Each 
tina  has  its  own  hopper.  The  charge  from  the  roasting  furnace 
fills  it,  and  a  slide  valve  below  allows  of  discharging  it  from  the 
hopper  directly  into  the  tina . 

There  are  two  varieties  of  the  tina*  which  are  shown  in 
Figs.  114  to  117.  They  resemble  the  pan,  but  are  constructed 
difterently,  though  the  idea  was  undoubtedly  taken  from  the  pan. 
The  machine  combines  the  advantages  of  the  cazo,  and  the  pan 
is  much  more  easily  constructed  anil  managed  than  either.  The 
two  tina  do  not  differ  from  each  other  in  any  essential  principle, 
but  only  in  slight  details  of  construction.  Figs.  114  and  115  is 
the  one  used  at  Huanchaca,  and  Figs.  116  and  117  the  one  used 
at  Guadeloupe.  The  tina  is  a  strong  wooden  tub  bound  with 
heavy  iron  hoops.  It  varies  in  diameter  from  1.80  m.  to  3  m. 
It  is  usually  1.60  m.  in  depth,  the  size  depending  on  the 
quantity  of  ore  it  is  desirable  to  treat  at  a  time.  The  bottom  is 
*  Engineering,  voi.  xxxviii.,  p.  173. 
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either  supported  on  four  heavy  cleats,  as  in  Fig.  114,  or  is  made 
entirely  flat.  They  are  placed  on  platforms  in  a  row,  so  as 
to  be  controlled  by  the  same  line  of  shafting.  The  bottom  is 
covered  on  the  inside  with  plates  of  copper,  the  entire  diameter 


of  the  tina  and  from  0.06  m.  to  0.08  m.  thick.  In  the  centre 
18  an  upright  shaft  C,  which  is  carried  by  gear  wheels 
wipports  in  the  tub  a  copper  muller  B ;  this  is  securely 
the  atirrer  D.  The  method  of  supporting  the  muller  is  shown 


The  Francke-Tina  Process. 


.826 

the  drawings.  At  Huanchacu,  Figs.  114  and  115,  the  muller  is 
attached  to  four  arms,  which  have  but  a  small  surface,  but  at 


Guadaloupe,  Figs.  11G  and  1 17,  it  is  fastened  to  a  single  bell-shaped 
piece,  >ery  much  like  the  shape  of  the  cone  of  a  pan  muller,  to 
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the  underside  of  which  the  copper  plates  B  are  fastened.  As 
these  cover  more  than  half  the  surface  of  the  lx>ttom  of  the 
tina,  it  is  undoubtedly  the  best  disposition.  The  muller  can  be 
raised  or  lowered  when  necessary  by  the  screw  H  at  the  top  of 
the  shaft.  On  the  inside,  above  the  muller,  Figs.  11 C  and  117, 
are  four  copper  plates  or  wings,  which  are  slightly  inclined,  and 
which  are  securely  fastened  on  the  outside  by  the  bolts  F.  In 
order  to  give  more  effective  surface,  these  plates  are  ribbed.  On 
the  bottom  of  the  tina  there  is  a  large  wooden  stop-cock  I, 
Fig.  114,  to  draw  off  the  amalgam  and  to  empty  it  when  the 
process  is  complete. 

To  cany  out  the  process,  the  tina  is  filled  about  0.30  m.  deep 
with  water,  which  is  introduced  from  a  main,  running  over  the  top 
of  it,  with  a  flexible  hose  for  each  pan.  From  130  kilos,  to  160  kilos, 
of  salt  to  the  ton  of  ore  is  then  introduced,  and  the  muller  run  at 
the  rate  of  forty-five  revolutions  per  minute.  Steam  is  introduced 
into  the  liquid,  which  is  kept  agitated  for  half  an  hour ,  or  until  the 
contents  of  the  tina  are  boiling,  the  whole  charge  of  ore  is  then 
introduced  from  the  hopper.  At  the  end  of  another  half-hour 
about  50  kilos,  of  mercury  is  introduced.  After  some  time  tests  are 
made,  and  further  quantities  of  mercury  added  as  it  is  wanted. 
The  amounts  of  mercury  required  vary  with  the  richness  of  the 
ore.  It  is  generally  added  in  three  equal  additions,  the  first 
is  put  in  at  the  commencement,  tho  second  at  short  intervals 
about  the  middle,  the  last  at  the  end  of  tho  process,  hor  ore  of 
about  200  o/..,  only  50  kilos.,  for  ore  of  150  oz.  to  175  oz.,  about 
30  kilos.,  and  for  low  grade  ores  of  20  oz.  to  30  oz.,  about  20 
kilos.,  is  used  in  each  of  tho  three  additions.  The  charge  of  ore 
remains  about  the  same,  or  2J  tons.  The  reactions  which  take 
place  are  about  the  same  ns  those  in  the  pan,  the  copper  being 
furnished  partly  from  the  ore  and  partly  by  the  abrasion  of 
the  muller  and  dies.  As  tho  reactions  are  all  done  hot,  they  are 
certain  to  be  most  efficient  The  whole  operation  lasts  from  eight 
to  twelve  hours.  When  the  assay  shows  that  it  is  ended,  tho  stop¬ 
cock  I,  Fig.  114,  is  openod,  and  the  amalgam  collected.  The  tails 
are  examined  and  treated  in  the  usual  way.  Tho  power  required 
for  each  tina  is  from  2  J  to  3  horse-power,  or  about  a  horse-power 
per  ton  of  ore  to  be  treated. 


328 


The  Frandee-Tina  Process. 


The  amalgam  is  carefully  washed  with  water  to  remove  any 
sulphides  or  particles  of  ore  which  may  be  in  it,  and  then  treated 


Fig.  11S 


Fig  no 


with  an  excess  of  mercury,  as  in  the  other  processes.  It  is  then 
treated  in  an  hydraulic  press  to  remove  the  excess  of  mercury. 
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The  cakes  of  metal  are  forced,  in  the  press,  into  very  nearly  the 
shape  of  a  pine  cone,  and  the  cake  of  pressed  amalgam  is  called  yum. 
When  all  the  amalgam  has  been  pressed,  the  pin  a  are  weighed, 
after  which  they  are  distilled  in  a  capdlina  of  modem  con¬ 
struction,  shown  in  Figs.  118  and  119,  several  of  which  are  set 
in  a  row.  In  front  of  them  is  a  small  railroad  for  carrying  the 
amalgam  to  the  furnaces  and  the  retort  silver  to  the  weighing  house. 
The  furnaces  are  circular,  and  are  lined  with  firebrick ;  they  are 
1.20  m.  inside  diameter,  and  1.30  m.  high.  Below  each  one  of  them 
there  is  an  arch  chamber  of  the  same  diameter,  and  about  1.75  m. 
high.  In  the  centre  of  the  arch  supporting  the  two  chambers  is 
an  opening  0.30  m.  in  diameter,  into  which  a  cast-iron  pipe, 
open  at  the  bottom,  is  set,  to  which  the  capellina  proper,  A,  is 
permanently  bolted.  The  furnace  itself  is  closed  with  a 
cast-iron  lid,  which  has  a  ring  to  remove  it  easily.  The  capd¬ 
Una  has  also  a  ring  to  remove  it  when  it  needs  to  be  re¬ 
placed.  It  cracks  after  use,  and  must  be  detached  from  the 
lower  part  when  it  is  to  be  removed;  the  lower  part  is  not 
affected  by  the  heat,  and  consequently  lasts  a  very  long  time. 
Round  the  bottom  of  the  furnace  there  are  a  senes  of  holes 
E,  for  the  admission  of  air  and  for  stirring  the  fire,  and  on 
the  top  holes  F,  for  the  escape  of  the  products  of  com¬ 
bustion.  In  the  vault  beneath  the  furnace  is  an  iron  tank  B, 
two-thirds  full  of  water,  which  is  supported  on  a  beam  G,  into 
which  the  lower  part  of  the  capellina  dips  below  the  surface  of 
the  water.  Inside  the  capellina  is  a  stand  of  iron  with  a  series 
of  horizontal  shelves  supported  on  a  frame  on  the  bottom  of  the 
tank  B.  These  shelves  do  not  quite  touch  the  sides  of  the 
capellina.  When  the  capellina  is  to  be  filled,  the  beam  G 
is  lowered,  and  the  tank  removed  from  the  vault,  and  with 
it  the  interior  shelves.  These  are  packed  with  the  pina.  The 
tank  with  the  pina  so  packed  is  then  brought  into  the  vault, 
raised  to  its  place,  and  held  there  by  the  beam  G.  A  fire 
is  then  made  in  the  furnace,  llama  dung  being  used.  It  is 
an  excellent  fuel  for  this  purpose,  as  it  gives  a  smouldering 
but  a  constant  fire,  and  sufficient  heat  for  distilling  the 
amalgam.  It  costs  80.63  for  75  kilos.  The  loss  in  mercury 
is  about  4  oz.  to  every  pound  of  silver.  The  volatilized 
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mercury  is  condensed  and  is  collected  in  the  tank  B.  When 
the  operation  is  complete,  the  furnace  is  allowed  to  get  cold,  the 
tank  is  lowered,  the  pinas  removed,  and  the  silver  melted  and 
run  into  bars.  The  process  is  simple  and  applicable  to  very 
impure  ores.  In  most  of  its  essential  details  it  resembles  pan 
amalgamation,  but  ores  can  be  treated  by  it  that  could  not 
be  treated  in  a  pan.  The  process  of  distilling  the  amalgam  is 
very  primitive.  The  capeUina  furnace,  however,  is  a  very  great 
improvement  on  the  one  formerly  used  in  South  America. 


GLOSSARY  OF  TERMS  USED  IN  THIS  CHAPTER. 


Adobes, 

Arrastra, 

Arraatra  de  cucliara, 
Arrastra  de  marca, 
Arrastra  de  mula, 
Arroba, 

Atizador, 

Azogue, 

Azogueria, 

Azoguero, 

Bano, 

Batea, 

Batea  apuradora, 

Bolicliar, 

Boliche, 

Bollos, 

Bonanza, 

Cabozilla. 

Cabezuela, 

Cajetes, 

Caliche, 

Calichoso, 

Calor  de  frio, 

Cancha, 

Capollina, 


Sun-dried  bricks. 

Mexican  mill  for  grinding  ore. 
A  spoon  arrastra. 

A  large  arrastra 

An  arrastra  worked  by  mules. 

Mexican  weight  of  40  lb. 

F  umace-man. 

Quicksilver. 


The  mercury-house. 

The  amalgamator. 

Excess  of  mercury  used  in  the  torta. 

A  bowl. 

^  ooden  bowl  floating  on  the  pita  apuradora  to  re¬ 
ceive  the  cabezilla. 


Treatment  in  boliche. 

Bowl  for  concentrating. 

Triangular  bricks  of  amalgam. 

Rich  pocket  in  a  vein. 

Residue  after  washing  the  torta. 

Concentrates  rich  in  gold  and  silver. 

Feldspar0"6'’  ““  gI'°Und  ,Iimes<See 

Feldspathic. 

Steam  caused  by  the  difference  between  the  heat  of 
the  pile  and  of  the  air 


Space  for  drying  slimes. 

Bell  covering  bMos  while  distilling  off  the  mercury. 
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Carga, 

Cazeador, 

Cazo, 


Ceja, 

Chuza, 

Colas, 

Cocha, 

Colorados, 

Comalillos, 

Consumido, 

Contratanque, 

Copela, 

Copelilla, 

Cuchara, 

Debil, 

Descargadora, 

Desecho, 

Despoblado, 

Desmontes, 

Ensalmorar, 

Estrujon, 

Estufa, 

Ferro  bianco, 
Fondon, 

Fuerte, 

Galerae, 

Galera, 

Granza, 

Granza  de  Uunque, 
Guija, 

Guijoso, 

Hacienda, 

Ijadas, 

Incorporo, 

Insalraoro, 

Jicara, 

Jales, 

Lagune, 

Lama, 

Lameros, 

Lava, 

Lavadoro, 
Limadura  de  plata. 


Mexican  weight  of  300  lb. 

Amalgamator. 

A  vessel  with  a  copper  bottom,  for  heating  and  amal¬ 
gamating  the  ore. 

Silvery- white  amalgam. 

Washer  or  settler. 

Brown  sulphurets  above  the  polvillo  in  the  bolicJte. 

A  cast-iron  vessel. 

Coloured  ores  containing  silver. 

Calcination  furnaces  for  making  magistral. 

Fixed  loss  of  mercury. 

Second  settling  tank. 

Dry  amalgam  in  bag  after  draining. 

Zinc  blende. 

A  hollowed  spoon-shaped  float  on  the  arrastra. 

Term  applied  to  amalgam  when  very  fluid. 
Discharging  tank,  from  which  the  slimes  are  run  off 
last. 

Broken-up  mercury.  The  attacking  of  the  amalgam 
by  the  sulphur,  &c.,  causing  loss  of  silver. 

Ore  with  much  gangue. 

Poor  ores. 

The  addition  of  salt. 

Amalgam  strained  from  the  mercury  collected  in  the 
basin  of  the  furnace. 

Stove  for  evaporating  the  mercury  from  the  amalgam. 
Arsenopyrite. 

A  large  cazo. 

Strong  ;  applied  to  amalgam  needing  more  mercury. 
Lead  cupellation  furnaco  for  silver. 

A  long  shed  on  each  side  of  the  patio. 

Coarse  sand  from  stamping-mill. 

Third  class  ore. 

Quartz. 

Quartzose. 

Establishment  for  treating  ores. 

Assays  of  two  to  five  pounds. 

Mixing  the  magistral  and  mercury  in  the  torta. 
Salting  the  torta. 

A  small  vessel  or  bowl  in  which  the  assay  sample  is 
washed  and  the  amalgam  tested. 

Tailings. 

A  small  lake. 

Slimes. 

Slime  pits  ;  walled  receivers  for  the  ground  slimes. 

(See  Cajctes ). 

Washing  the  torta. 

The  ordinary  settler  ;  washing  apparatus. 

Dry’  silver  amalgam. 
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Lista, 

Magistral, 

Manga, 

Marc, 

Marmajas, 

Metal  calichoso, 

Metal  de  beneficio, 
Metal  de  exportation, 
Metal  heclio, 

Metal  de  primera  clase. 
Metal  gabarro, 

Metal  granza, 

Metal  de  labores, 

Metal  de  llunque, 

Mon  ton, 

Molino, 

Morteros, 

Negros, 

Oroche, 

Pasilla, 

Patio, 

Perdida, 

Pila, 

Pila  apuradora, 

Pina, 

Planilla, 

Planillero, 

Plata, 

Plata  cornea  amarillia, 
Plata  cornea  blanca, 
Plata  cornea  verde, 
Plata  mixta, 

Plata  negra, 

Plata  pasta, 

Plata  piiia, 

Plata  verde, 

Platillo, 

Plomo, 

Polvillo, 

Polvo, 

Precipitado, 

Pruova  en  crudo, 
Qucbradero, 
Quemadero, 
Quemazon, 

Quintal, 


Tail  of  impure  mercury. 

Roasted  copper  pyrites,  sulphate  of  copper,  &c. ,  used 
to  reduce  silver  ores  in  the  torta. 

Canvas  bag  to  drain  amalgam. 

Mexican  weight  for  weighing  silver  and  gold,  8  oz. 
Concentrated  sulphides. 

Feldspathic  ore. 

Second  class  ore  worked  on  the  patio. 

First-class  ore  ready  for  sale. 

Hand-picked  rich  ore. 

First-class  ore  ready  for  sale. 

First  and  second-class  ore,  from  the  size  of  an  egg  to 
that  of  an  orange. 

Fine  ore,  smalls. 

Smalls  from  the  workings  of  the  mine. 

Smalls  from  the  cleaners. 

Mexican  weight  varying  from  .75  to  1.62  tons. 

Stamp  mill  for  ore. 

Stamping  mills. 

Black  ores.  Generally  sulphides  of  silver. 

Bullion  after  retorting. 

Dry  silver  amalgam. 

Amalgamation  court. 

Loss  of  quicksilver  beside  the  cotisumido. 

A  trough  of  hide. 

Tank  to  receive  the  residues  from  the  washing-tanks. 
Pressed  amalgam  or  retort  silver. 

Inclined  platform  to  concentrate  tailings. 

Operator  on  planilla. 

Silver. 

Iodyrite. 

Iverargyrite. 

Embolite. 

Alloy  of  gold  and  silver. 

Argentite. 

The  spongy  bars  of  silver  after  retorting. 

Silver  after  retorting. 

Bromyrite. 

Earthen  plate  for  testing  the  slimes. 

Galena. 

Rich  black  sulphurets  left  on  planilla. 

Fine  grained  amalgam  from  cazo. 

Metallic  copper  precipitated  by  iron  or  zinc. 

An  assay  from  the  cazo. 

Breaker  or  crusher. 

Distillation  furnace  ;  retort. 

Black  decomposed  ore. 

A  hundred  pounds. 
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Raspa, 

Raspadura, 

Raspando, 

Relaves, 

Rendido, 

Repaso, 

Rosiclara, 

Saltierra, 

Solera, 

Tahona, 

Tahonero, 

Tanque, 

Tentadura, 

Tierras  de  labores, 

Tierras  de  llunque, 

Tina, 

Tina  cargadora, 
Torba, 

Tola, 

Torta, 

Tosa, 

Trapiche, 

Trilla. 

Voladora, 

Voltear  la  torta. 
Yareta, 


That  portion  of  the  precious  metals  obtained  by 
scraping  the  arrastra ,  or  the  patio. 

Scrapings. 

Scraping  ;  removing  the  amalgam  from  the  arrastra 
by  scraping. 

Material  remaining  after  the  washing  of  the  tortas. 
(See  Polvillo.) 

Term  applied  to  torta ,  when  the  amalgamation  is 
concluded. 

Treading  of  the  ore  in  the  torta. 

Ruby  silver. 

Impure  salt  from  lagunes. 

Cast-iron  bottom  of  a  Chilian  mill. 

A  spoon  arrastra. 

Man  in  charge  of  the  tahona  or  arrastra. 

First  settling-tank. 

SmaUs  from  the  workings  of  the  mine.  (See  Metal 
granza  de  labores.) 

Smalls  from  the  cleaners.  (See  Metal  granza  de 
llunque.) 

A  circular  tank  ;  a  round  dolly-tub. 

Tank  into  which  the  slimes  are  first  discharged. 

Peat. 

A  course  shrub. 

Heap  of  slimes  on  the  patio. 

Grinding  space  in  the  arrastra. 

Chilian  mill.  , 

Heap  of  slimes  on  the  patio.  (See  Torta.) 

A  muller. 

Spading  :  turning  the  torta. 

A  resinous  moss. 
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CHAPTER  VII. 

BARREL  AMALGAMATION. 

THE  PELICAN  MILL,  COLORADO. 

The  Saxon  method  of  amalgamation,  or  the  Barrel  or  Freiberg 
process  as  it  is  called,  has  never  been  extensively  used  in  the 
United  States.  It  has  been  practised  in  a  few  mills  for  a  short 
time,  but  has  always  given  way  before  the  more  successful  pro¬ 
cess  of  pan  amalgamation.  One  of  the  few  works  where  it  was 
used  in  1875  was  the  Pelican  Mill.  These  works  were  situated  in 
the  Rocky  Mountains,  at  an  elevation  of  8300  ft.,  in  the  centre 
of  the  town  of  Georgetown,  Clear  Creek  County,  Colorado,  fifty 
miles  from  Denver.  In  1875  the  terminus  of  the  Colorado  Central 
Railway  was  fifteen  miles  from  Georgetown.  The  mill  treated 
ore  from  the  Pelican  Mine,  and  such  ores  as  were  offered  in 
the  market  which  were  suitable.  Most  of  the  ores,  however, 
came  from  the  Pelican  Mine,  and  were  distinguished  by  the 
miners  as  “  sulphides,”  which  are  heavy  ores,  and  “  sulphurets,” 
which  are  mostly  light  or  oxidized  ores.  At  the  mill  thev  are 
called  “  Pelican  straight”  and  “  Pelican  light.”  The  first  is  a  very 
heavy  ore,  containing  at  least  16  per  cent,  of  zinc,  15  to  20  per 
cent,  of  lead,  besides  pyrites,  quartz,  and  feldspar.  It  contains  on 
an  average  from  150  oz.  to  200  oz.  of  silver,  and  rarely  went  as 
high  as  270  oz.  The  average  was  from  130  oz.  to  160  oz.  The 
copper  and  iron  pyrites  contained  about  J  oz.  of  gold,  but  the 
pyrites  was  in  so  small  quantity  that  there  is  onlv  a  trace  of  gold 
in  the  ore,  and  hardly  an  appreciable  amount  in  the  bullion.  The 
“  light  ”  ore  is  composed  of  oxide  with  very  little  sulphur.  The 
plant  of  the  mill  consists  of  one  Dodge  crusher,  five  Bruckner 
cylinders,  two  ball  crushers,  five  amalgamation  barrels,  and  two 
dolly  tubs.  The  mill  can  treat  15  tons  of  ore  a  day. 

The  process  consists  of : 

1.  Crushing  and  grinding  the  ore. 

2.  Roasting  the  ore  in  the  Bruckner  cylinders. 

3.  Amalgamating  the  roasted  ore  in  barrels. 

4.  Distilling  the  amalgam,  and  fusing  the  silver. 

The  folio*  ing  Table  gives  the  prices  paid  for  ore  in  the  year 
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of  oz. 

Price  paid  for  each 

No.  of  oz. 

Price  paid  for  each 

ton. 

oz.  above  35. 

$ 

per  ton. 

oz.  above  35. 

8 

299 

1.05 

Up  to 

99 

GOO 

1.03 

300 

0.93 

700 

1.05 

400 

0.97 

99 

800 

1.07 

450 

0.99 

99 

900 

1.08 

500 

1.01 

99 

1000 

1.09 

550 

1.02 

;  n 

2000 

1.10 

No  deduction  is  made  for  zinc,  lead,  or  copper,  and  nothing  is 
paid  for  ores  of  35  oz.  and  below.  The  plan  of  the  mill  as  it  was 
reconstructed  in  1874*,  while  the  old  mill  was  being  tom  down, 
is  shown  in  Fig.  120  : 
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I.  Crushing  and  Grinding  the  Ore. 

The  ore  comes  from  the  mine  more  or  less  wet,  and  is  first 
dried  on  a  special  drying  kiln,  and  then  crushed  in  a  Dodge 
crusher.  One  man  does  the  whole  work  for  two  Bruckner 
cylinders,  and  tends  to  the  ore-drying  kilns,  hauls  his  ore,  takes 
care  of  the  belting  of  the  works,  and  looks  after  the  screens, 
which  must  be  constantly  watched. 

From  the  crusher  the  ore  goes  to  the  ball  grinder,  which  is  a 
cylinder  with  a  rotary  grate,  the  openings  between  the  bars  of 
which  are  less  than  in.  In  this  cylinder  1000  lb.  of  iron  balls, 
3  in.  in  diameter,  are  made  to  revolve  with  the  ore.  When  balls 
cannot  be  had,  or  when  the  stems  of  the  stamp  mills  are  so 
broken  that  they  are  fit  for  nothing  else,  they  are  cut  to  the 
length  of  their  diameter  and  used  in  the  place  of  balls.  They 
soon  become  round  from  the  motion  of  the  cylinder.  The  balls 
wear  out  at  the  rate  of  3  lb.  to  the  ton  of  ore  treated.  The 
grinder  needs  very  little  repair  and  requires  to  be  looked  after 
only  once  a  month.  The  crushed  ore  falls  through  the  grate  into 
a  hopper,  from  the  bottom  of  which  it  is  carried  by  an  endless 
chain  to  the  upper  floor,  where  it  passes  through  a  hexagonal 
revolving  screen,  covered  with  brass  wire  bolting  cloth  of  70 
meshes  to  the  linear  inch.  This  cloth  costs  90  cents  a  square  foot. 

This  screen  is  6  ft.  long,  the  panels  being  16  in.  wide.  One 
such  screen  is  sufficient  to  do  all  the  work  of  two  Bruckner 
cylinders.  Flat  screens  are  also  used,  which  have  a  jogging 
motion,  the  ore  being  discharged  from  below  them  through  a 
pipe.  All  that  does  not  pass  through  these  screens  goes  back  to 
the  ball  grinder.  It  takes  about  four  hours  to  run  3500  lb.,  or  a 
charge  for  the  cylinders,  through  the  screens. 

The  object  in  crushing  the  ore  so  fine  and  bolting  it  is  to  get  a 
pulp  which  will  be  of  uniform  consistency.  The  anmunt  of  water 
which  is  used  in  the  barrel  is  only  just  enough  to  keep  the  pulp 
in  a  movable  condition,  and  net  enough  to  dissolve  the  soluble 
•salts,  so  that  if  there  were  any  lumps  in  the  roasted  ore  they 
would  not  become  broken  up  or  softened,  and  the  silver  in  them 
would  not  be  attected.  Hence  the  absolute  necessity  of  bolting 
out  everything  in  the  shape  of  lump  and  making  the  mixture 
with  water  in  such  a  way  that  no  lumps  will  form! 
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IL  Roasting  the  Ore. 

The  bolted  ore  is  discharged  through  a  hopper  into  the  cylinders, 
which  have  been  fully  described  in  the  chapter  on  toasting. 
The  ore  is  always  assayed  after  the  charge  has  turned  forty  to 
fifty  times  in  the  cylinder.  The  time  of  roasting  is  generaUy 
thirteen  to  sixteen  hours,  and  when  the  ore  is  exceptionally 
“  heavv  ”  it  may  be  as  high  as  twenty  hours. 

ZUtcdLi.  discing  I.o, »  the 
6  ft.  loner,  2  ft.  high,  30  in.  at  the  top,  and  29  in.  at  the  bottom 
with  wheels  8  in.  in  diameter,  placed  so  close  toget  er  a ,J  ca 
be  dumped.  It  is  spread  out  on  the  floor  to  cool  a* 
as  possible,  in  order  to  prevent  the  t^cy  to  ™  lump ^ 
and  is  then  screened  through  a  40-to4he-mch  sc^  What 
remains  on  the  screens  are  called  screenings  -hich  tog  hcr  w 
the  scrapings  from  the  cylinders,  are  put  on  one  side  to 

the  sciapm0s  i  The  ore  is  now  ready  for  amalgamation. 

re-treated  as  described.  Iheoie  employed  at  the 

With  cylinder,  «,»  '  “^inZ  ndll  be  ». 

crusher.  The  labour  account  for  tl  J  ^  floor 

roasters,  two  helpers.  two  crushers,  oim  n^  ^  ^  men 

one  amalgamator,  and  on  1  d  from 

the  roaster  and  his  aid,  and  the  crushei. 

III.  Amalgamation  in  Barrels. 

,,  A.  roasted  ore  goes  to  the  barrels  to  be 
From  coolmg  oo  ^  ^  ^  ^  wl8>  Figs.  m  and  122, 

amalgamated  1  diameter,  and  4  ft.  6  in.  long, 

in  the  mill.  ,.  „*  »•  ^ 'tom  5  in.  »  H  in.  wide,  and  3J  in. 
They  aie  ma  e  ^  ^eld  together  by  four  iron  hoops,  two  at 
to  6  in.  thick  an  ^  centre  o£  which  contains  the 

each  end.  Hid  1  ^  holes  through  which  tie-rods  pass,  which 

journal,  an  ts  These  iron  cross-arms  are  placed  on 

are  fastene  '  woq(1  which  go  over  the  head  of  the  barrel, 

heavy  the  stings,  about  S200  each.  When  the 

*  y  are  worn  down  to  about  2  in.,  it  is  no  longer  safe  to  use 
staves  ^  either  replaced  or  lagged  up  on  the  inside, 

S ^  T1“  b“"1*  “ 

VOL.  I. 
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made  of  pine,  and  usually  last  a  year.  Each  barrel  has  openings 
in  the  centre  of  its  length  and  at  opposite  diameters.  Through 

Fig.  121. 


one  of  these  which  is  the  bung-hole  proper  and  which  is  5  in.  in 
diameter,  the  charge  is  introduced.  The  other  opening,  which  is 
opposite,  is  1  in.  in  diameter,  and  serves  for  the  introduction  of 
the  mercury. 

The  motion  was  formerly  communicated  to  these  barrels  bv 
means  of  a  circle  of  gearing  placed  a  little  beyond  the  centre  of 
the  barrel,  as  it  is  in  Europe.  This  has  been  abandoned  and 
the  common  V  gearing  has  been  substituted  in  its  stead.  This  is 
effected  by  means  of  a  circle  of  wood,  which  is  6  in.  wide  and 
.)  in.  high,  set  on  end  placed  in  the  same  position  as  the  gearing. 
These  V  grooves  are  cut  into  this  wood.  Into  these  grooves 
similar  ones  on  an  iron  wheel  fit.  Each  barrel  runs  independently 
the  one  of  the  other.  They  were  formerly  thrown  into  gearing 
b\  means  of  a  clutch,  which  was  constantly  wearing  out,  and 
would  sometimes  not  bring  the  pinion  into  the  gearing.  So  much 
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difficulty  was  found  with  it  that  the  boxes  in  which  the  arbors 
run  are  now  made  eccentric,  as  shown  in  Fig.  123.  By  means  of 


Fig.  124. 


a  crank,  Fig.  124,  which  is  fixed  to  the  end  of  the  arbor,  any  one 
of  the  barrels  can  be  brought  as  near  as  is  desirable  to  the  fixed 
revolving  iron  Vs.  If  they  are  in  close  contact  they  will,  of 
course,  revolve  with  a  maximum  rapidity.  If  the}r  are  at  a  little 
distance  they  will  revolve  slower,  and  in  this  way  the  barrels  are 
made  to  revolve  at  any  velocity,  at  will,  or  may  be  thrown  out  of 
gear  altogether  when  it  is  desirable. 

The  power  to  run  these  shafts,  as  well  as  for  the  whole  mill, 
comes  from  an  overshot  waterwheel  28  ft.  in  diameter  and  10  ft. 
wide.  This  is  much  larger  than  there  is  any  necessity  for  in 
ordinary  times,  but  when  the  fork  of  Clear  Creek,  which  furnishes 
the  supply  of  water,  runs  low,  it  is  necessary  to  have  it  of  this 
size  to  run  the  works,  as  the  amount  of  water  is  sometimes  very 
small. 

The  barrel  at  the  end  of  a  previous  operation,  having  been 
thoroughly  washed  with  water,  a  charge  of  2000  lb.  of  ore,  and 
GO  lb.  to  80  lb.  of  iron  for  light,  and  150  lb.  for  heavy  ores  is 
introduced.  The  iron  is  almost  exclusively  worn-out  mules’ shoes, 
these  being  the  cheapest  kind  of  iron  that  can  be  procured. 
Water  is  immediately  added  to  the  charge,  so  that  the  ore  will 
just  pack  in  the  hand  but  will  easily  fall  to  pieces.  The  bung 
is  closed  and  the  barrel  is  turned  with  this  charge  alone  for  four 
hours,  at  the  rate  of  twelve  to  fourteen  turns  per  minute.  It  is 
then  stopped  and  the  charge  of  mercury  is  introduced.  This 
charge  for  an  ore  containing  150  oz.  is  250  lb.  A  small  quantity 
of  sulphate  of  copper  is  introduced  with  the  mercury.  It  is  then 
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turned  at  the  same  rate  of  speed  for  sixteen  hours.  The  barrel  Is 
then  stopped  to  take  an  assay.  The  pulp  is  quite  hot  from  the 
reactions  which  have  taken  place,  so  that  when  the  bung  is 
removed  it  makes  a  slight  noise.  When  the  bung  is  opened  the 
assay  is  taken  by  introducing  a  stick  like  an  ordinary  lath  to  the 
bottom  of  the  barrel  and  withdrawing  it  When  it  is  taken  out 
some  of  the  pulp  will  be  attached  to  it,  and  this  is  carefully 
examined.  If  it  has  been  properly  worked  the  pulp  will  be 
about  the  thickness  of  dough  and  the  mercury  will  be  bright,  and 
thoroughly  incorporated  with  the  mass.  If  the  charge  is  too  thin 
the  mercury  will  have  collected  on  the  bottom,  and  there  will  be 
very  little  of  it  scattered  through  the  pulp.  Generally  only  one 
assay  of  this  kind  is  needed  when  the  character  of  the  ore  is  known. 
Sometimes  it  will  be  found  necessary  to  continue  the  operation 
and  at  others  it  will  be  found  that  the  charge  has  been  worked 
too  long  and  that  the  mercury  is  floured  and  sometimes  black. 
If  the  charge  has  been  properly  worked,  water  is  introduced  so 
that  the  barrel  will  be  very  nearly  full.  Previous  to  this  time 
the  charge  had  not  more  than  half  filled  it.  The  barrel  is 
set  in  revolution  again  for  an  hour  at  a  slower  motion,  the 
object  of  which  is  to  collect  all  the  mercury  and  amalgam  from 
the  pulp  on  the  bottom  of  the  barrel  and  allow  it  to  remain  there. 
At  the  end  of  this  time  the  barrel  is  turned  over  with  the  small 
opening  down,  an  iron  cock  is  inserted  into  it  to  draw  off  the 
mercury  and  amalgam  which  are  on  the  bottom.  In  front  of  this 
hole  there  is  a  large  trough  in  which  an  enamelled  iron  pot  12  in. 
in  diameter  and  6  in.  high  is  placed.  The  mercury  and  amalgam 
are  discharged  into  it  and  allowed  to  run  until  the  charge  com¬ 
mences  to  appear.  After  the  amalgam  is  all  out  the  stop-cock  is 
withdrawn  and  the  iron  kettle  removed,  100  lb.  of  fresh  mercury 
are  introduced,  the  opening  closed,  and  the  barrel  made  to  revolve 
slowly  for  three-quarters  of  an  hour.  The  object  of  this  is  to  col¬ 
lect  any  mercury  which  may  settle  from  the  pulp,  or  which  may 
have  collected  around  the  iron  shoes  in  the  barrel.  The  iron  kettle 
is  now  replaced  in  the  trough  to  receive  the  mercury  again,  after 
which  the  barrel  is  turned  down  with  the  bung  toward  the  trough, 
and  discharged  into  the  sluices  in  which  riffles  are  placed,  and 
through  which  a  rapid  stream  of  water  is  constantly  running. 


Dutcharging  the  Barrel. 


341 


The  riffle  bars  are  rectangular  and  are  2  in.  in  height.  The 
mercury  and  amalgam  which  still  remains  in  the  pulp  collects  be¬ 
hind  them.  The  trough  containing  the  riffle  bars  ends  in  the  dolly 
tub.  Most  of  the  mercury  is  caught  in  the  riffles  in  the  trough, 
but  a  part  of  it  which  is  very  fine  is  carried  over  into  the  tub. 
When  the  barrel  is  emptied  it  is  filled  one  quarter  full  with  water, 
and  turned  with  the  bung  open  until  it  is  entirely  empty.  This 
will  wash  out  some  small  quantity  of  mercury  and  ore,  and  as  the 
water  is  likely  to  be  thrown  to  some  distance  and  must  all  be  caught, 
the  line  of  the  revolution  of  the  barrel,  is  protected  on  each  side, 
with  two  vertical  troughs,  one  35  in.  wide  at  the  bottom  and  o  in. 
deep,  and  the  other  27  in.  wide  and  14  in.  deep ;  both  of  them  are 
placed  close  against  the  barrel  and  empty  into  the  trough  below 
into  which  the  barrel  is  discharged.  By  this  res  olution  w  ith  w  ate 
everything  in  the  interior  of  the  barrel  except  the  larger  part  o 
the  iron  shoes  is  washed  out,  and  the  barrel  is  cleaned  ready  for 
a  new  charge.  With  -  heavy”  ores  aliout  3  lb.  of  iron  per  ton  of 
ore  treated  will  be  used  up  in  each  operation,  but  with  light  ores 
much  less.  When  the  pulp  is  taken  out  of  the  barrel,  the  s  oes 
which  have  been  very  much  corroded  come  out  in  small  pieces. 
These  pieces  are  carefully  scraped  and  put  on  one  side  wet. 
After  they  have  slowly  oxidized,  the  oxide  of  iron  Mte  the  mer- 
cury  which  is  then  washed  off.  Only  about  15  lb.  of  mercury  rs 
collected  in  the  kettle  which  stands  under  the  barrels  and  m  the 

riffles,  the  rest  goes  into  the  dolly  tub. 

The  mercury  and  amalgam  from  the  barrel  has  been  caught 
in  the  non  pot'  in  the  trough.  These  iron  pots  are  used  because 
it  is  not  safe  to  carry  a  heavy  weight  in  wooden  vessels.  They 
are  the  ordinary  porcelain-lined  kitchen  utensil*  and  are  much 
cheaper  than  any  other  vessel  that  can  be  had.  From  tins  vessel 
it  is  dipped  into  small  ones.  The  amalgam  will  then  be  in  two 
different  pots.  On  the  top  of  the  last  pot  is  a  thick  layer  of  pulp 
which  is  carefully  removed,  and  washed  in  a  wooden  bucket. 
The  amalgam  is  then  washed  with  clear  water,  and  the  water 
token  off  the  surface  being  very  carefully  dried  with  a  sponge. 
After  the  amalgam  has  been  in  this  way  carefully  cleaned,  that 
which  is  token  from  the  riffles  is  added  to  it,  and  the  whole  is 
then  weighed.  That  which  comes  from  the  dolly  tub,  when  it  is 
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cleaned,  is  weighed  separately  and  then  added  to  the  rest.  The 
whole  is  now  placed  in  a  bag  of  duck  to  be  strained. 


Fig.  12G. 


Fig.  127. 


This  bag,  Fig.  125,  is  conical,  12  in.  in  diameter  at  the  top,  and 
2  ft.  long.  The  top  is  made  of  J-in.  round  iron,  bent  in  the  form 
of  a  circle  12  in.  in  diameter  on  the  inside,  over  which  leather  is 
so  folded  as  to  be  double  and  to  fall  3  in.  below  the  ring ,  it 
is  stitched  directly  beneath  the  ring.  Between  the  two  open 
folds  at  the  bottom  the  canvas  bag  is  fastened.  The  iron  ring  of 
this  bag  will  just  fit  over  one  of  two  holes,  12  in.  in  diameter,  made 
in  the  amalgamation  table,  Figs.  126  and  127.  This  table  is  4  it. 
6  in.  long,  1  ft.  8  in.  wide,  and  33  in.  high.  The  top  is  made  of  1  in. 
plank,  and  is  provided  with  a  rim  J  in.  in  height  in  order  to  catch 
any  mercury  that  may  fall  upon  the  top.  Below  the  bag  hole  is  a 
wooden  tub  2  ft.  in  diameter  at  the  top  and  2  ft.  high,  the  bottom 
of  which  is  covered  with  water.  In  it  an  iron  vessel  is  placed 
which  is  15  in.  in  diameter  and  18  in.  high,  into  which  the  can\as 
bag  projects.  The  object  of  having  two  tubs,  one  inside  the 
other,  is  to  prevent  aDy  possible  loss  of  mercury  or  amalgam. 

The  clean  mercury  and  amalgam  is  brought  in  the  iron  Pots 
and  poured  in  the  canvas  bag,  which  is  rarely  ever  allowed  to 
be  more  than  half  full  at  a  time.  The  excess  of  mercury  runs 
immediately  through  the  pores  of  the  cloth,  and  when  the 
amalgam  is  so  thick  that  no  mercury  runs,  the  bag  is  twisted  as 
tight  as  possible  with  both  hands,  and  when  no  more  can  be  got 
out  by  twisting,  the  bag,  twisted  as  it  is,  is  lifted  out  on  the  top 
of  the  table  and  squeezed  and  rolled,  and  when  no  more  mercury 
can  be  got  out  in  this  way  it  is  ready  for  the  furnace.  After  the 
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amalgam  is  thoroughly  strained,  it  is  weighed,  and  the  difference 
between  it  and  the  weight  of  the  mercury  and  amalgam  gives  the 
loss  in  the  barrel.  The  loss  is  very  large,  generally  from  2|  lb.  to 
6  lb.  per  ton  of  ore  treated. 

When  the  amalgam  is  pure  it  has  a  crispy,  somewhat  sandy 
feel,  and  is  more  or  less  hard,  and  makes  a  slight  noise,  somewhat 
like  the  rumpling  of  silk  when  pressed  in  the  hand.  It  does  not, 
however,  have  a  cry  like  that  of  tin.  It  is  more  or  less  hard,  except 
when  lead  is  present  in  considerable  quantities,  when  it  is  soft. 
The  fineness  of  the  bullion  depends  almost  entirely  upon  the  way 
in  which  the  roasting  is  done.  If  the  roasting  has  not  been 
properly  performed,  the  bullion  can  only  be  made  fine  at  the 
expense  of  the  mercury. 

TU  Dolly  Tub. — The  dolly  tub  is  of  wood  5  ft.  in  diameter  ami 
6  ft.  high.  A  stirrer  of  wood  revolves  in  it.  The  vertical  shaft 
has  four  arms.  Each  arm  is  bound  by  a  brace  to  the  one  next  to 
it,  and  the  set  of  four  braces  make  a  square,  the  arms  being  the 
diagonals  Each  one  of  these  braces  carries  a  long  pin,  and  the  four 
arms  are  fitted  with  them.  These  pins  go  to  within  an  inch  of  the 
bottom  of  the  tub.  The  shaft  is  run  at  the  rate  of  twenty-five  re¬ 
volutions  per  minute.  The  tub  is  kept  constantly  full  of  water,  and 
receives  the  whole  charge  from  the  barrels.  It  has  in  the  sides  a 
number  of  holes,  the  lower  one  of  which  is  4  in.  from  the  bottom, 
for  discharging  the  contents  of  the  tub  when  it  is  to  be  cleaned 
up  to  get  the  mercury,  which  is  once  a  week,  or  once  in  two  weeks, 
as  occasion  may  require.  A  stream  of  water  constantly  runs  mto  the 
tub.  From  the  upper  hole  the  water  flows  continuously,  carrying 
off  all  the  light  material  into  the  stream.  All  the  heavier  materials 
collect  in  the  bottom,  and  are  always  assayed.  If  the  charge  in  the 
barrel  has  been  properly  worked,  the  pulp  caught  in  the  bottom  ot 
the  dolly  tub  is  thrown  away,  if  not  it  is  put  on  one  side  to  be 
re-treated.  It  consists  of  base  metal,  oxides,  gangue,  and  sihea. 
In  order  to  collect  it,  it  is  simply  washed  out  into  a  reservoir, 
allowed  to  settle,  and  then  dried.  It  is  then  roasted  in  the  cylinder 
with  raw  ore  and  salt.  There  were  at  one  time  16  tons  of  tailings 
retreated  in  the  course  of  three  months,  which  averaged  from 
35  os.  to  45  oz.  of  silver.  This  was  caused  partly  by  the  ignorance 
and  inexperience  of  the  roaster  and  amalgamator,  but  mostly 
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from  neglect  in  assaying  the  charges,  and  is  entirely  unnecessary. 
One  dolly  tub  is  sufficient  to  do  the  work  of  two  barrels. 

IV.  Distilling  the  Amalgam. 

The  dr}’  amalgam  is  placed  in  four  half-round  cups  which  are 
made  to  tit  the  bottom  of  the  cast-iron  retort.  This  cast-iron 
retort  is  30  in.  long,  14  in.  in  diameter  in  the  front  and  9  in.  at 
the  back,  having  a  recess  in  the  front  in  which  to  place  and  fasten 
the  iron  cover.  It  is  placed  in  a  furnace  of  ordinary  red  brick, 
which  is  53  in.  high,  46  in.  wide,  and  34  in.  deep,  the  whole 
being  tied  in  both  directions  with  iron  braces  H  in.  wide.  The 
top  of  the  furnace  is  an  arch  one  brick  thick  and  21  in.  in 
diameter,  the  pillars  which  support  it  being  12  in.  wide.  The 
retort  is  supported  at  both  ends  by  pieces  of  refuse  stamp  stems, 
as  those  are  usually  the  cheapest  material  to  be  had  at  the  works. 
There  are  twelve  grate  bars  J  in.  square,  placed  8  in.  from  the 
ground,  and  14  in.  from  the  retort.  The  small  end  of  the 
retort  usually  projects  through  the  brickwork,  and  from  the 
centre  of  the  end,  cast  in  one  piece  with  it,  is  a  pipe  2  i  in.  in 
diameter  outside,  with  a  flange  at  the  end.  Into  this  pipe  a 
2-in.  iron  gas-pipe  is  screwed,  so  as  to  be  gas-tight,  and  runs 
a  few  feet  beyond  the  body  of  the  furnace,  slightly  inclined, 
and  then  turns  at  right  angles  and  passes  to  the  bottom  of 
an  ordinary'  barrel  filled  with  water,  then  through  the  sides  of 
this  barrel  on  a  slight  incline  over  a  tub  partially  filled  with 
water  into  which  the  condensed  mercury  drips.  The  object 
of  the  water  in  the  tub  is  to  prevent  the  mercury'  from 
spattering  as  it  falls.  The  four  cups  hold  together  450  lb.  of 
amalgam.  \\  hen  placed  in  the  furnace  the  door  is  put  into 
the  front  of  the  retort  and  made  gas-tight,  so  that  no  fumes 
of  mercury  can  possibly  escape  from  it,  and  the  fire  is  lit  on 
the  grate.  It  takes  a  slow  fire  four  to  five  hours  to  completely 
distil  this  charge.  If  the  angle  of  the  pipes  does  not  incline 
sufficiently  some  mercury  is  caught  in  them,  and  sometimes  is 
considered  as  lost.  It  may  be  recovered,  however,  by  gently 
tapping  the  pipes,  and  is  always  regained  in  subsequent  operations. 

W  hen  the  charge  is  finished  the  furnace  is  left  to  cool  slowly 
and  the  amalgam  is  removed  from  the  cups,  which  are  carefully 
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The  base  metal  was  copper. 
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Barrel  Vo.  2,  Ckarye  211. 
.  2000  lb. 

Charge  of  ore  ... 

134  oz. 

Silver  contained 

.  10  am. 

Time  of  charging 

220  lb. 

Mercury  charged  . 

2  p.m. 

*“  234|  lb. 

84  lb- 

Time  of  charging  mercury  ... 

Mercury  and  amalgam  discharged 

Amalgam  —  . 

175  oz. 

Weight  of  retort  silver 

800 

Fineness  . 

.  175  oz. 

9  ti 

Weight  of  retort  silver 

Loss  in  melting 

Weight  of  melted  silver 

166  oz. 
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The  base  metal  was  lead.  The  amalgam  generally  retorts  2  oz.  to 
2.15  oz.  per  pound. 


Fusion. 

Sample  of  Selected  Ore  Purchased. 

Barrel  Ko.  25,  Moiulay,  June  loth,  1874. 

Barrel  No.  1  contained  .  loi 

»»  2  „  ...  ...  ...  igy 

378  retorted  387 

Discharged  June  1  Oth. 

Barrel  No.  1  contained  . 174 

»»  2  „  ...  ...  ...  166 


340  retorted  385 

Wednesday ,  June  17th. 

Barrel  No.  1  contained  ...  ...  ...  166 

»>  2  . 160 


335  retorted  431 
1063  1203 


The  weight  of  retort  silver 

Weight  of  the  bar 

Remains  for  the  next  bar  . 

Weight  of  fine  silver  in  the  bar  at  832  fine 
Weight  of  fine  silver  in  62  oz.  at  832  fine 

oz. 

...  1203 
...  1141 

62 

.  940.3 

.  52.4 

Total  fine  silver 

.  1001.7 

Total  fine  silver  by  assay 

„  tt  found  . 

...  1053 
...  1001.7 

Total  loss 

51.3 

Yield  in  fine  silver 

.  95.3  per  ct. 

Bar  24  gave 

„  25  „  ...  ;;;  ' ; 

„  26  „  . 

The  average  yield  in  purchased  ore  is 
»  t>  on  Pelican  ore  is 

oz. 

95.1 

95.3 

96. 

.  93  per  ct. 

.  87  „ 

It  was  impossible  to  get  any  economic  data  with  regard  to  the 
treatment  at  this  mill,  owing  to  the  fact  that  the  work  was  done 
for  the  most  part  for  the  owners  of  the  Pelican  Mine  ;  this  mine 
having  been  in  continued  litigation  with  the  Dives  Mine,  and 
being  subject  to  constant  visits  from  legal  officers,  has  frequently 
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Cost  of  Treatment  of  Chloride  Ore. 


Crushing,  about . 

8 

.  3.50 

•  •  •*  ...  G.57 

Amalgamating  . 

Retorting  and  melting . 

. 75 

Total  . 

.  10.82 

The  power  for  driving  stamps,  barrels,  settlers,  &c.,  is  furnished 
by  an  engine  of  about  CO  horse-power  run  at  40  to  45 ;  steam 
pressure  55  lb.  to  CO  lb.  Steam  is  supplied  by  two  lC-ft.  tubular 
boilers,  44  in.  in  diameter,  and  containing  42  tubes  each.  The 
steam  cylinder  has  14  in.  diameter  and  30  in.  stroke.  There  is 
an  18-ft.  flywheel,  weighing  4500  lb. 

The  work  by  barrel  amalgamation  should  be  just  as  well  done 
as  by  the  pan,  though  it  is  much  slower.  The  pan,  however,  is 
peculiarly  an  American  process,  and  is  the  one  which  has  grown 
up  from  the  necessities  of  the  country,  and  is,  therefore,  the  one 
which  is  best  known,  while  the  barrel  amalgamation  is  a  foreign 
process,  and  one  against  which  there  is  a  great  deal  of  prejudice. 
It  is  evident  that  the  plunt  of  a  works  with  barrels,  must  be  very 
much  cheaper  than  it  possibly  can  be  with  the  pan  process.  The 
difference  in  labour  is  not  very  great.  The  yield  is  about  the 
same,  and  barrel  amalgamation  should  therefore  be  somewhat 
cheaper  than  pan.  It  has,  however,  never  come  into  any  extended 
use,  probably  because  it  cannot  be  said  to  have  had* a  strictly 
fair  trial  at  any  mill  where  it  has  been  introduced.  It  has  been 
frequently  abandoned  for  the  pan  for  the  very  obvious  reason 
that  the  work  of  the  pan  is  thoroughly  understood,  while  that  of 
the  barrel  must  generally  be  first  learned  by  the  engineer  in 
chaise  and  taught  to  the  men.  The  pan  gives  a  much  greater  output 
in  the  twenty-tour  hours,  and  it  works  quicker,  and  takes  up  but 
little  more  room  than  the  barrel.  It  is  open  on  every  side,  and 
is  generally  drier  to  work  with.  It  is  therefore  not  suprising 
that  the  pan  should  be  preferred  and  used.  In  a  given  case  the  pan 
would  probablj  be  the  cheapest  for  any  company,  as  pans  of  ever}' 
variety  may  be  had  at  any  foundry  for  a  comparatively  small 
price,  as  they  are  obliged  to  keep  all  the  patterns  on  hand,  beside 
which  the  skilled  labour  necessary  to  superintend  the  process  and 

to  teach  it  to  green  hands,  can  always  be  had,  which  is  not  the 

case  with  the  barrel. 


Pan  Amalgamation. 
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CHAPTER  VIII. 

PAN  AMALGAMATION. 

Pan  amalgamation  is  the  process  most  extensively  used  in  the 
West  for  the  extraction  of  silver  from  its  ores.  The  works  where 
the  process  is  carried  out  are  called  mills ;  leaching  plants  are  often 
connected  with  them  for  the  treatment  of  tails.  Two  processes 
are  used  which  differ  from  each  other  according  to  the  character 
of  the  ore.  They  are  known  as  the  Washoe  and  the  Rees  River 
processes,  from  the  districts  in  Nevada  where  they  originated. 
They  differ  very  slightly.  In  the  Washoe  process  the  ores  are  of 
such  a  character  that  they  require  only  to  be  stamped,  and  then 
go  directly  to  the  mill  to  be  amalgamated ;  while  in  the  Rees 
River  process,  if  crushed  wet,  they  require  to  be  dried  on  drying 
lloors,  heated  by  the  waste  heat  or  by  furnaces,  and  then  roasted, 
previous  to  being  amalgamated.  The  use  of  d lying  floors  is 
being  rapidly  given  up.  Their  place  is  taken  by  kilns  or  rotary 
furnaces,  which  utilise  the  waste  heat  equally  well,  are  more 
economical  in  labour,  and  effect  the  drying  more  completely  and 
in  less  time  than  the  floors.  The  processes  of  roasting  vary  in 
different  localities  at  different  times.  There  are  a  number  of 
furnaces  which  have  been  invented  for  this  purpose,  which  have 
been  more  or  less  successful,  most  of  which  have  been  described 
in  the  chapter  on  Roasting.  They  are  generally  reverberatory 
furnaces  with  a  number  of  hearths,  either  placed  the  one  after  the 
other,  so  as  to  make  one  long  furnace,  or  built  at  different 
levels,  sometimes  directly  over  each  other,  or  in  the  shape  of 
steps.  The  only  shaft  furnace  which  has  continued  in  use  is  the 
Stetefeldt  furnace,  which  is  applicable  mostly  to  “  light"  ores,  or 
those  containing  very  little  sulphur.  Of  revolving  furnaces, 
Bruckner’s  cylinder,  and  the  other  furnaces  which  are  almost 
identical  with  it,  are  extensively  used. 

In  discussing  these  processes,  no  particular  mill  will  be  de¬ 
scribed,  since  they  all  resemble  each  other.  The  details  for  pan 
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amalgamation  which  are  given  have  been  taken  for  dry  crushing 
from  Stewart's,  and  Judd  and  Crosby’s  Mills  in  Georgetown, 
and  the  Nederland  Mill  in  Boulder,  Colorado ;  for  wet  crushing, 
from  the  Brunswick,  Eureka,  and  Consolidated  Virginia  Mills 
in  Nevada,  the  Ontario  Mill  in  Utah,  the  Lexington  Mill  in 
Montana,  and  the  Tombstone  Mill  in  Arizona.  Some  of  these 
mills  have  ceased  to  exist,  others  do  not  now  have  the  importance 
which  they  once  had,  but  the  work  done  at  one  time  by  most  of 
them  was  in  some  respects  typical,  and  the  results  obtained  are 
valuable  either  as  history,  or  as  real  acquisition,  to  the  sum  of 
our  knowledge  of  these  subjects.  The  processes  for  crushing  ore 
have  been  described  in  Chapter  IV.  Barrel  amalgamation,  as 
practised  in  the  Pelican  Mill  in  Georgetown,  Colorado,  has  been 
described  in  the  previous  chapter. 

The  general  arrangement  of  the  mills  is  the  same,  exception 
being  made  of  the  presence  or  absence  of  roasting.  When  roasting 
is  done,  the  ore  is  crushed  dry  ;  when  it  is  not,  it  is  crushed  wet 
About  25  to  30  per  cent,  of  the  Comstock  ores  is  gold,  the  rest 
is  silver  ;  but  in  the  bullion  produced  the  proportion  is  somewhat 
higher,  as  the  gold  is  more  completely  saved  than  the  silver.  In 
other  mills,  like  the  Tombstone,  the  amount  of  gold  is  smaller 
and  the  quantity  of  it  saved  much  less.  As  a  general  thing, 
the  richest  ores  are  sulphides,  and  must  be  treated  by  dry  crush¬ 
ing  and  roasting,  and  the  poorer  ores,  which  are  oftener  free 
milling,  are  crushed  wet,  and  directly  treated  by  amalgamation, 
which  is  the  Washoe  process.  The  ores  treated  in  1874  at 
Stewart’s  “  custom”  mill  in  Georgetown,  Colorado,  averaged 
150  oz.  of  gold,  5  per  cent,  of  lead,  and  30  to  73  per  cent,  of  zinc, 
mostly  zincblende.  There  is  a  trace  of  copper  and  some  gold, 
but  not  enough  to  separate  it.  The  rock  is  quartz,  and  contains 
from  30  to  50  per  cent,  of  ore.  Judd  and  Crosby’s  “  custom 
mill  treated  ores  of  about  the  same  grade.  Both  these  mills  roasted 
in  reverberatory  furnaces.  The  Nederland  Mill  was  a  “  company 
mill,  and  treated  ores  from  its  own  mines.  They  contained  50  oz. 
of  silver,  3  per  cent,  of  lead,  2  per  cent,  of  copper,  and  63  per  cent, 
of  quartz.  The  roasting  was  done  in  Bruckner’s  cylinders.  The 
Ontario  and  Lexington  Mill  in  Nevada  use  the  Stetefeldt 
furnace. 
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In  all  the  large  mills  the  ore  is  assayed  by  the  assay er  of  the 
company.  The  samples  are  taken  from  the  mine  or  from  the 
ore  delivered.  In  the  speculative  mines  this  is  a  matter  of  great 
secrecy,  and  only  the  superintendent  and  chief  officers  of  the 
mill  know  its  history.  The  sample  is  wrapped  in  wrappers  which 
are  printed  like  the  bullion  assay  wrappers,  both  on  the  inside 
and  outside,  so  that  there  shall  be  no  mistake.  Three  samples 
are  taken ;  two  go  to  the  assay  office,  and  the  third  is  kept  in 
the  office  of  the  mill.  A  careful  record  is  kept  in  both  places 
of  all  the  numbers  and  marks  on  the  papers  as  well  as  of  the 
assays,  which  are  reported  on  the  blank  given  at  the  end  of  this 
chapter.  At  the  end  of  a  time  determined,  when  it  is  certain 
that  there  will  be  no  call  for  further  assays,  all  the  assay  samples 
are  collected  and  added  to  a  charge  in  the  pan. 

In  Colorado,  in  1874,  40  oz.  of  silver  could  be  treated  with  profit 
by  the  mills,  but  only  60  oz.  yielded  a  profit  to  the  miner ;  20  oz. 
about  paid  the  expense  of  the  process.  The  ore  treated  at  the 
Eureka  Mill  in  Nevada  yields  from  §50  to  §160  of  gold  and  silver, 
three-fourths  being  gold  and  one-fourth  silver.  For  the  prices 
paid  in  1885  for  Colorado  ores,  see  p.  76,  and  the  description  of 
the  Boston  Colorado  Works,  p.  119.  Below,  the  prices  of  two 
different  works  as  they  were  advertised  in  July,  1874,  are  given  : 


Prices  given  for  Silver,  Georgetown. 


Ounces  of  Silver 
per  Ton. 

Price  per  Ounce  of 
Silver  for  Ores  containing 
from  5  to  10  per  Cent, 
of  Zn. 

Price  per  Ounce  of 
Silver  for  Ores  free  from 
Zn  or  containing  less 
than  5  per  Cent. 

— - - - r 

cents. 

cents. 

75  to  100 

48 

50 

100  „  125 

55 

60 

125  „  150 

65 

70 

150  „  175 

75 

80 

175  ,,  200 

82 

84 

200  „  250 

85 

88 

250  „  300 

90 

92 

300  „  350 

93 

94 

350  „  400 

96 

98 

400  „  450 

99 

100 

450  „  500 

102 

103 

500  „  550 

104 

105 

550  „  600 

106 

107 

600  „  700 

107 

108 

700  „  900 

109 

1000  and  upward 

110 
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At  Stewart’s  Mill,  Georgetown,  the  following  prices  were  paid  : 
oz.  cents. 

Ore  containing  209  silver  or  less,  105  for  each  oz.  over  35  oz. 

No  deduction. 


„  300  „ 

94 

,, 

325  „ 

95 

,, 

350  .. 

„  06 

„  375  .. 

„  07 

400 

08 

450 

09 

„  500  ,. 

100 

„  550  .. 

„  101 

000  .. 

„  102 

,,  650  ,. 

103 

700 

.,  104 

„  750 

„  105 

,,  800 

,,  106 

„  850  .. 

„  107 

,,  900  .. 

„  108 

1000 

„  110 

,, 

„  2000  „ 

„  H2 

,, 

The  ore  is  delivered  to  rock  breakers,  placed  at  the  highest 
level  of  the  mill.  Below  the  rock  breakers,  between  them  and 
the  batteries,  or  at  each  extremity  of  the  battery  line  and  a 
little  behind  it,  the  drying  floor  in  dry  crushing  is  placed.  This 
door  in  all  the  older  mills  is  made  of  cast-iron  plates,  36  in.  by 
42  in.,  flanged  on  the  sides,  so  that  the  plates  may  overlap  and 
still  give  an  even  floor.  A  flue  from  the  roasting  furnace  runs 
backwards  and  forwards  under  this  floor,  the  partition  walls 
of  which  serve  as  supports  for  the  plates.  This  floor  is  placed 
directly  behind  the  stamps,  and  the  ore  is  spread  over  it  until 
dry,  when  it  is  charged  by  hand  or  automatically  into  the 
stamps,  which  are  on  the  same  level.  This  system  is  gradually 
giving  place  to  regular  furnaces  or  kilns  for  drying  the  ore,  in 
which  the  work  is  much  more  satisfactorily  and  economically 
done.  At  the  Ontario  Mill  a  revolving  dryer  is  used,  and  at  the 
Lexington  Mill  the  shelf  dry  kiln.* 

Below  the  discharge  level  of  the  stamp,  the  roasting  apparatus, 
if  the  ore  is  to  be  roasted,  is  placed  in  such  a  position  that  the 
ore  from  the  stamps  can  be  discharged  into  them,  or  be  carried 
by  a  screw  convenor  or  an  endless  chain  to  an  elevator  which 
discharges  into  hoppers  containing  a  charge  for  the  furnace, 
when  a  revolving  furnace  is  used,  or  in  the  case  of  the  Stetefeldt 
iuinaee  into  the  mechanical  charging  apparatus  when  the  ore  is 
*  Trans.  Am.  Inst.  Min.  Eng.,  vol.  xii.,  p.  95. 


riff.  I'js. 
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Dry  CRUSHnra  Silver  Mill,  constructed  in  1873  by  tiie  Union  Iron  Works  of  San  Francisco, 
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to  be  roasted  or  chlorurised,  or  both.  In  all  the  older  mills  the 
roasting  furnace  was  placed  directly  in  front  of  the  batteries. 
In  the  best  modem  ones  they  are  placed  at  the  extremity  of 
battery  line  and  a  little  behind  it.  The  supply  of  ore  is  cut  off 
from  the  furnaces  automatically,  when  the  hoppers  are  full  or 
the  charge  is  continuous,  as  in  the  Stetefeldt  furnace.  The  speed 
of  the  elevator  feeding  the  pulp  into  the  hoppers  is  regulated  by 
two  sets  of  cone  pulleys,  and  may  be  made  to  vary  from  40  to 
300  revolutions  per  minute.  In  front  of  the  furnace  there  is  a 
brick  or  iron  cooling  floor,  where  the  ore  remains  until  it  is  cool 
enough  to  be  charged  into  the  pans.  On  a  still  lower  level  are 
the  pans  and  catch  pits,  if  the  mill  is  wet  crushing,  and  lower 
still  the  settlers. 

The  arrangement  of  the  mills  as  they  were  generally  built 
previous  to  1873  is  shown  for  dry  crushing  with  the  Briickner 
cylinders  in  the  plan  of  the  Nederland  Mill  of  Boulder,  Colorado, 
in  Figs.  128  and  129,  and  with  the  Stetefeldt  furnace  in  Fig.  130. 
Since  that  time  the  use  of  drying  floors  has  generally  been 
abandoned  for  some  kind  of  mechanical  drying  furnace,  as  being 
at  the  same  time  healthier  for  the  men  and  cheaper  to  manage. 
It  was  found  that,  as  the  floors  were  not  tight,  fumes  of  arsenic 
and  other  deleterious  substances  from  the  ores  escaped  through 
the  ciacks  and  affected  the  health  of  the  men,  besides  which  the 
soles  of  their  feet  being  constantly  warmed  enervated  them  and 
rendered  them  liable  to  sickness  from  this  cause.  The  disposition 
of  the  mills  with  the  Stetefeldt  furnace  has  also  undergone  con¬ 
siderable  change.  The  hopper  shown  in  Fig.  130  is  no  longer 
used,  but  in  its  place  the  charging  apparatus  shown  in  Fig.  102, 
which  is  supplied  by  means  of  a  chain  with  buckets  or  some 
other  automatic  appliance.  The  furnaces,  instead  of  being 
placed  in  front  of  the  stamps  and  between  them  and  the  pans, 
are  now  placed  in  the  best  constructed  mills  at  each  end  and  a 
little  behind  the  line  of  the  stamps.  The  mechanical  drying 
furnaces  for  the  ore  and  salt  are  placed  directly  behind  the 
stamps  and  in  the  same  line  with  the  roasting  furnaces.  The 
most  recent  disposition  of  dry  crushing  mills  with  the  Stete¬ 
feldt  furnace  is  well  illustrated  by  the  arrangement  of  the 
Lexington  Mill  of  Butte  City,  Montana,  Fig.  132,  which  is  a 

vol.  L  2  a 
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50-stamp  mill.  It  was  built  in  the  year  1882,  and  is  one  of  the 
best  of  the  modern  mills.  It  is  situated  on  the  side  of  a  hill  the 
difference  in  level  between  the  top  and  the  bottom  being  61  ft 
The  ore  is  brought  to  the  highest  level  and  is  dumped  on  grizzlies 
and  passes  to  the  Blake  crushers.  It  then  goes  to  the  shelf 
drying  kilns  directly  back  of  the  stamps.  The  salt  to  be  used 
with  the  ore  is  dried  in  the  same  kind  of  a  kiln,  which  is  capable 
of  drying  six  to  seven  tons  in  a  day.  The  stamps  weigh  850  lb. 
There  are  forty  for  ore  and  ten  for  salt.  They  are  fed  by  a 
Tullock  feeder,  one  for  each  battery  of  five  stamps.  The  fall 
of  the  stamp  is  7  in.  The  mortars  discharge  on  both  sides 
through  30-mesh  screens.  The  crushed  ore  is  conveyed  by  a 
screw  to  a  point  where  it  is  raised  in  buckets  to  screens.  What 
does  not  pass,  or  about  one-tenth  of  the  total  stamped  ore,  is 
returned  to  the  stamp.  The  salt  is  earned  in  the  same  wav. 
The  salt  and  ore  are  mixed  mechanically  after  passing  the  drying 
fumwe  and  are  elevated  to  the  top  of  the  roasting  fumace° 
Ihe  Stetefeldt  furnace  is  on  a  line  with  the  dryers  but  outside 
ot  them  and  at  opposite  extremities  of  this  part  of  the  mill. 
The  cooling  floors  in  front  of  them  are  very  large  and  convenient. 
In  front  of  the  cooling  floor  there  is  a  depressed  railroad  on 
which  the  wagons  for  salt  and  ore  are  placed,  so  that  they  are 
shovelled  directly  into  the  top  of  the  wagon  from  the  bottom  of 
the  floor  brom  here  they  pass  by  rail  to  the  pan  floor,  which 
is  on  the  level  of  the  rails.  The  roasted  ore  is  thus  discharged 
mto  the  pans  with  the  greatest  ease  and  with  the  least  amount 
o  andling.  In  order  to  prevent  any  action  of  the  dust  on  the 
stamping  machinery,  the  mortars  of  the  stamps  are  closed  with 
wooden  boxes,  to  which  exhaust  fans  are  attached  to  draw  off 
the  dust  into  pockets,  which  are  emptied  once  a  week.  The 
me  of  pans,  0f  which  there  are  twenty,  is  parallel  with  the 
stamps.  There  are  ten  settlers  on  a  lower  line.  A  Corliss 
engine  of  -10  horse-power  runs  the  mill.  The  mill  treats  250 

so  01 L  1,1  I"  enty-f  our  hours  and  uses  twenty-two  to  twenty- 

three  cords  of  wood. 

The  power  for  the  mill  is  generally  steam,  sometimes  water, 
and  sometimes  both  water  and  steam  together,  the  steam  being 
used  when  the  water  fails.  The  power  is  communicated  to  the 
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Taking  the  Assay  Sample. 

various  parts  of  the  mill  by  shafts  above  and  underneath  the 
floors.  Each  kind  of  machinery  has  its  own  independent  lino 
of  shafting.  The  power  is  always  transmitted  by  belting.  The 
stamps  are  so  arranged  that  any  stamp  or  any  battery  may 
be  hung  up  in  a  few  moments  without  stopping  the  mill,  and 
each  pan  can  bo  detached  from  the  others  and  remain  motionless. 
The  power  required  to  drive  the  pan  is  from  three  to  five-horse 
Power,  according  to  its  capacity.  The  power  required  to  crush 
and  amalgamate  one  ton  of  ore  will  vary  from  four  and  a  half 
to  six  and  a  half  horse-power,  depending  upon  the  way  the  mill 
is  managed. 

The  process  of  amalgamation  is  in  general  the  same  in  all 
the  mills,  the  barrel  process  having  almost  entirely  disappeared. 
The  process  of  crushing  is  generally  the  same,  and  consists  in  the 
use  of  revolving  stamps,  the  crushing  being  either  dry  or  wet 
according  to  circumstances.  Silver  ores,  which  can  be  amalga¬ 
mated  directly,  arc  generally  crushed  wet;  those  that  are  to 
be  roasted  are  crushed  dry.  The  general  outline  of  crushing 
is,  first,  to  reduce  the  rock  in  a  Dodge*  Fig.  138,  or  Blake's 
crusher,  Fig.  139,  to  a  certain  size.  It  is  then  fed  under  stamps, 
arranged  in  batteries  of  five,  the  weight  of  which  will  vary  from 
GOO  lb.  to  1000  lb. 

If  the  mill  companies  treat  their  own  ores  only,  the  mills  are 
said  to  be  “  company  ”  mills.  If  they  do  not,  but  treat  ores  for 
others,  the  mills  are  said  to  be  “  custom”  mills  ;  the  only  difference 
being  that  in  the  first  case  the  ore  is  dumped  into  shoots,  and 
treated  as  it  comes  to  the  mill,  while  in  the  latter  case  it  is  kept 
carefully  separated  in  bins  made  for  the  purpose,  and  each  lot 
treated  by  Itself. 

The  ore,  whether  it  is  purchased,  treated  for  others,  or  from 
the  mines  of  the  company,  is  sampled  as  it  comes  from  the  mine. 
This  sampling  is  usually  done  on  the  crushed  ore,  the  sample 
being  taken  as  it  falls  through  the  crusher.  Some  of  the  mecha¬ 
nical  methods  of  making  assays  have  already  been  described.f 

*  Tho  Dodge  crusher  is  used  very  largely  in  most  small  mills,  because  the 
ore  can  be  easily  sampled  with  it.  In  all  the  large  mills  the  Blake  crusher 
is  used, 
t  Page  G6. 
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At  Stewart’s  Mill  the  assay  sample  is  taken  mechanically  by  a 
very  simple  arrangement  The  ore  from  the  jaw’s  of  the 
crusher  falls  down  a  shoot  into  a  conduit  passing  to  the  elevator. 
Below'  the  shoot,  in  the  conduit,  a  box  about  11  in.  long  and  2  in. 
wide,  is  fixed  to  an  iron  rod  which  makes  twelve  revolutions  a 
minute.  At  every  revolution  of  the  rod,  the  box  passes  under 
the  mouth  of  the  shoot.  It  is  filled  with  ore,  and  empties  itself 
through  an  opening  in  the  conduit  into  a  box  beneath  it  The 
machine  is  calculated  to  collect  a  sample  of  75  lb.  to  the  ton 
of  ore.  In  this  same  mill,  in  addition  to  the  crusher  sample,  the 
ore  is  also  automatically  sampled  for  the  guidance  of  the  mill 
managers  on  the  battery  pulp.  The  pulp  is  discharged  from  the 
stamps  through  screens  with  fifty  meshes  to  the  inch  upon  the 
mortar  apron,  w’hich  has  three  holes  f  in.  in  diameter,  through 
which  a  certain  portion  of  the  ore  drops  into  the  same  arrange¬ 
ment  W'hicli  is  used  in  the  crusher.  The  sample  taken  is  about 
70  lb.  from  ever}’  ton,  each  lot  of  ore  being  always  kept  separate. 
A  sample  from  this  is  taken  in  the  ordinary  way.  As  the 
discharge  from  the  stamps  is  uniform,  the  sample  so  collected  will 
represent  the  average  value  of  the  ore. 

The  ore  is  usually  delivered  by  rail  into  the  ore  bins  at  the 
highest  elevation  of  the  mill,  and  from  this  point  it  must  descend 
without  handling.  Figs.  133  and  137  show  the  arrangement  of  the 
ore  bins  at  the  Consolidated  Virginia  Mill.  It  is  usual  to  place  the 
rock  breaker  directly  over  the  ore  bins,  which  should  be  constructed 
at  such  an  angle  that  the  ore  will  slide  from  them  towards  the 
stamp.  They  should  be  large  enough  to  hold  at  least  several  days’ 
supply  of  ore,  so  that  the  mill,  in  case  of  a  full  supply  of  ore  is  not 
on  hand,  may  not  be  shut  down  on  that  account  The  ore  is 
usually  screened  though  not  always.  The  object  of  screening  is 
not  only  to  size  the  ore,  bqt  also  to  separate  the  pieces  of  iron 
tools  which  are  frequently  found  in  it,  and  which  would  damage 
the  crushers  and  stamps  if  they  passed  through  them.  When 
the  ore  is  not  screened,  the  largest  pieces  are  picked  out  by 
hand  to  go  to  a  crusher,  w'hich  is  generally  Blake’s.  Fig.  138 
show’s  a  section  of  one  of  these  crushers,  of  which  four  different 
varieties  are  made.  It  is  the  most  extensively  used  of  all  the 
crushers.  The  amount  that  it  can  crush  in  a  given  time  depends 
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on  the  distance  between  the  jaws,  and  the  velocity,  both  of  which 
can  be  1  emulated  to  suit  any  kind  of  rock  or  size  of  crushing 

O 


Fig.  13a 


A.  A.  Lower  timber  frame. 

B.  Upper  ,,  ,, 

C.  Clamps 

D.  Fly  wheels. 

E.  Pulley. 

F.  Main  frame. 

G.  Brushes. 

H.  Pitman  half  box. 

I.  Chucks. 


J.  Swing  jaw. 

K.  Jaw  shaft. 

L.  Spring  on  spring  rod. 

N.  N.  Main  tension  rod  nuts. 

O.  O.  Toggles. 

P.  P.  Jaw  plates. 

R.  H.  Pitman. 

R.  Pitman  rod  nuts. 

S.  Main  eccentric  shaft. 


The  capacity  given  in  the  Table  below  supposes  that  the  jaws  are 
set  to  open  1J  in.  at  the  bottom,  and  that  the  crusher  is  properly 
fed  and  is  running  at  a  speed  adapted  to  the  rock  being  crushed, 
as  hard  stone  which  breaks  with  a  snap,  will  be  much  more  rapidly 
broken  than  tough  rock.  It  can  generally  be  calculated,  when  it 
is  desirable  to  know  the  weight  of  ore  being  crushed,  that  a  cubic 
yard  of  rock  will  weigh  about  1J  to  1J  tons.  Generally  the 
castings  are  made  of  one  piece ;  but  when  transportation  is  diffi¬ 
cult,  the  crusher  is  often  made  in  sections  and  bolted  together, 
no  single  piece  weighing  more  than  350  lb.  In  setting  up  a  crusher 
it  is  generally  desirable  to  have  a  little  more  power  than  that  just 
necessary  to  drive  it.  The  following  Table  gives  the  sizes  and 
capacity  of  the  crusher. 
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1 

For  laboratory  use  and  sampling. 

Takes  pieces  4  In.  In  diameter ;  crushes  to  corn  size. 

Takes  pieces  the  sizo  of  an  egg;  crushes  to  corn  size 
and  dust. 

Takes  pieces  the  size  of  an  egg;  crushes  to  corn  sizo 
and  dust. 

Takes  pieces  4  in.  thick  ;  crushes  to  }  in.  or  less. 

Takes  pieces  10  in.  by  7  in.;  orushes  to  corn  size  or 

dUat. 

Takes  pieces  7  in.  thick  ;  orushes  to  ]  in. 

Takes  pieces  4  in.  to  5  in.  thick  ;  crushes  to  }  in. 

Used  for  road  ballast,  for  furnaces,  breaking  small 

for  other  crushers. 

Takes  pieces  15 In.  by  9  in.;  crushes  before  smaller 

sizes. 

Takes  pieces  15  in.  by  9  in.;  crushes  before  smaller 

sizes. 

Takes  pieces  20  In.  by  10  in.;  crushes  to  1  In.  or  less. 

Used  for  road  ballast,  for  furnaces,  and  breaking 

small  for  other  crushers. 

Used  for  crushing  large  masses  to  sizes  suitable  for 

blast  furnaces,  or  before  other  crushers. 

1 

Horse¬ 

power 

required 

1 

j  ^TeO-d-OiOOOCiOOOOe* 

Proper 

Speed. 

300 

300 

300 

300 

275 

275 

275 

275 

250 

250 

275 

250 

250 

Driving 

Pulley. 

Face. 

in. 

4 

i 

5 

5 

10 

G 

8 

10 

10 

8 

8 

8 

10 

§ 

s 

©  c 
S.| 
a  a 

K.J 

Breadth. 

ft.  in. 

1  0 

1  3 

1  3 

4  0 

3  9 

5  G 

4  3 

4  8 

5  0 

5  0 

5  0 

G  3 

5  G 

7  2 

Length. 

a'aOOOOOOOOOOOOOO* 

Total 

Weight. 

125 

750 

750 

2, GOO 
2,850 
G,000 
G,750 
8,000 
12,8G0 
13,000 
14,000 
13,500 
15,000 
24,000 

Weight 

Timber 

Frame. 

55 

55 

325 

375 

GOO 

800 

1200 

1400 

1400 

1400 

1200 

1500 

1G00 

Weight 

Heaviest 

Piece. 

130 

130 

295 

300 

840 

1175 

1070 

2480 

2G00 

3000 

2  GOO 

3125 

5550 

Product 
l>er  Hour  in 
cubic  yards. 

one 

three 

five 

six 

seven 

eight 

eight 

twelvo 

twelve 

fifteen 

Size,  or 
receiving 
Capacity. 

3xlJ 

5x4 

Gx  2 

15x2 

10x4 

G0x2 

10  x  7 

15x5 

16x9 

15x11 

15x13 

30x5 

20x10 

20x15 

359 


Dodges  Crusher. 

Dodge's  crusher  is  often  used  in  Colorado;  it  it  not  so  well  known 
as  Blake’s,  but  a*  it  is  very  compact,  and  particularly  adapted  for 
taking  quick  samples,  as  it  has  both  sieves  and  rolls  attached, 
a  description  of  it  is  given.  For  general  purposes,  however,  it 
will  not  do  as  much  work  as  Blake’s  crusher.  It  consists  of 
two  jaws  a,  Fig.  138,  which  are  bolted  to  their  respective  positions, 
one  being  fixed  and  the  other  movable  on  a  lever  c,  moved  by  an 
eccentric  h.  The  box  d  in  which  the  fulcrum  e  of  the  lever  c 
moves,  is  adjustable  horizontally  by  set  screws  f  and  washers  or 
plates  v.  The  crusher  proper  is  fastened  to  a  stand  to  which  the 
rollers  m  and  p  and  the  sieves  t  are  attached.  It  is  fastened  by 
bolts  g.  A  flywheel  is  attached  to  the  shaft  i  upon  which  the 
eccentric  h,  the  pinion  k,  the  ratchet  wheels  x,  and  the  flywheels 
o,  witli  the  tight  and  loose  pulleys  on  the  opposite  side,  are 
attached.  The  spurwheel  l  is  driven  by  the  pinion  k  which  is 
keyed  to  the  shaft  n  of  the  roller  p,  which  causes  it  to  revolve. 
The  other  roller  m  is  moved  by  a  gear  on  the  opposite  side  of 
the  crusher.  Its  shaft  is  in  a  box  adjustable  by  a  set  screw 


q  by  a  rubber  spring  r  backed  with  a  cast-iron  washer  or  cap 
between  this  box  and  the  screw  q  so  as  to  give  elasticity  to  the 
roller.  There  are  four  sets  of  gear,  for  the  purpose  of  using  the 
rolls  until  they  are  completely  worn  down.  The  sieve  t  is  moved 
by  a  ratchet  lever  «.  The  shaking  table  t  containing  the  sieve,  is 
for  the  purpose  of  taking  out  that  pail  of  the  ore  already 
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crushed  between  the  jaws,  and  to  relieve  the  rollers  from  the 
work  of  passing  it  through  them  again;  also  to  distribute  the 
ore  evenly  to  the  rollers  from  end  to  end,  so  that  they  should 
wear  evenly.  This  shaking  table  is  supported  by  a  lever  u 
under  the  jaw  of  the  stamp.  The  motion  of  the  screen  is 
assisted  by  a  spring  w.  The  crusher  is  provided  with  patent  soft 
wrought-iron  crushing  jaws  a,  which  it  is  asserted  wear  longer 
than  the  hard  cast-iron  ones.  The  tyres  of  the  rolls  are  made  of 
steel,  which  does  not  wear  into  grooves  and  ridges  as  easily  as 
cast  iron.  The  Dodge  crusher  generally  weighs  7500  lb.,  and 
requires  six  to  eight-horse  power.  It  crushes  two  tons  of  ore 
per  hour.  The  flywheel  makes  200  revolutions  per  minute. 
Below  is  a  Table  of  the  sizes  of  the  Dodge  crusher. 


No. 

Size  of 
Jaw 

Openings. 

Piam. 

of 

Pulley* 

Width 
of  Belt 
used. 

Horse¬ 

power 

required. 

No. of  Tons 
per  Hour, 
Nut  Size. 

Revolu¬ 
tions  per 

1  Minute. 

Weight 

complete. 

1 

in. 

4  X  G 

in. 

20 

in. 

4 

2  to  4 

i  to  1  | 

275 

1,200 

2 

7  X  0 

24 

5 

4  to  8 

1  to  3 

235 

4,300 

3 

8x12 

30 

6 

8  to  12 

2  to5 

220 

5, GOO 

4 

10x10 

3G 

8 

12  to  18 

5  to  8 

200 

12,000 

W  hen  the  ore  is  screened,  the  screens  should  always  be  arranged 
to  deliver  the  large  pieces  in  front  of  the  crusher,  and  to  discharge 
the  screenings  into  the  stamp  hopper.  In  such  cases,  one  Blake 
crusher  is  more  than  sufficient  to  do  the  whole  work  of  any  of 
the  sixty  stamp  mills  of  Nevada.  It  is  even  proposed  with  the 
perfected  system  of  multiple  jaw  crushing  to  do  all  the  fine  crush- 
ing  with  a  number  of  these  machines  arranged  in  a  system.* 
W  hen  the  ore  comes  from  the  mine  in  very  large  pieces,  there 
should  be  two  series  of  crushers  of  different  sizes  at  different 
levels;  in  which  case  the  large  size  crushers  take  all  the  ore 
which  falls  from  their  jaws  directly  into  troughs  leading  to 
iron  screens  which  allow  the  ore  small  enough  to  go  to  the 
stamp  hoppers  to  pass,  and  discharge  the  rest  into  the  jaws 
of  the  next  size  crusher,  and  so  on.  One  large  crusher  will 
then  feed  into  two  small  ones.  This  supposes  the  mill  to  be 
Trails,  Am.  Inst.  Min.  Eng.,  vol.  xiii.,  p.  210. 
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built  on  the  side  of  a  hill  and  to  have  plenty  of  fall.  The 
first  crusher  should  break  the  ore  into  pieces  of  about  2  square 
inches ;  this  will  allow  flat  pieces  of  this  size  to  pass,  hut  they 
will  be  broken  in  the  crusher  below.  All  the  ore  should  go 
through  this  breaker  in  wet  crushing,  and  in  order  to  keep 
down  the  dust,  a  small  stream  of  water  may  be  allowed  to  run 
through  it  The  object  of  this  is  to  prevent  injury  to  the  ma¬ 
chinery,  and  also  to  save  the  dust,  which  often  contains  the  richest 
part  of  the  ore,  as  has  frequently  been  found  by  assay  in  some  of 
the  mills  in  Colorado.  In  the  lower  crusher  the  jaws  should 
almost  meet.  This  breaker  should  feed  by  shoots  into  a  pocket 
which  should  connect  with  the  battery.  The  dies  of  this  breaker 
weigh  about  250  lb.,  and  last  about  three  months  when  not 
broken  by  accident.  By  using  two  crushers  the  consumption  of 
iron  will  be  reduced  to  0.3  lb.  per  ton  of  rock  stamped.  The 
great  gain  of  using  a  crusher  is  shown  by  the  experience  of  the 
Owyhee  Mill,  the  stamps  of  which  weighed  650  lb.,  dropped  60 
times  a  minute,  with  an  average  fall  of  8J  in. ;  the  shoes  and  dies 
were  used  until  they  were  worn  so  thin  that  the  drop  became  10  in. 
By  breaking  the  ore  by  hand  to  medium  size,  the  mill  crushed 
28  tons  a  day  ;  breaking  small  by  hand  30  tons  ;  breaking  large 
by  Blake’s  crusher  33  tons,  and  breaking  fine  37  tons.  By  in¬ 
creasing  the  rate  of  speed  to  93  and  95  drops  per  minute,  and 
using  a  coarse  screen,  the  production  was  increased  to  48  tons. 
The  reason  for  the  great  increase  is  that  the  stamp  is  forced  to 
do  only  its  own  work.  All  the  ore  that  is  already  fine  enough  is 
sifted  out  after  passing  the  jaws  of  rock  crusher,  so  that  any 
portions  which  will  pass  the  stamp  screens  do  not  go  into  the 
mortar.  By  the  introduction  of  properly  constructed  screens 
below  the  crushers,  the  product  of  the  Tombstone  Mill  was 
increased  12  to  15  tons  per  day.  In  the  Brunswick  Mill  each 
crusher  requires  one  man  and  a  helper  to  draw  the  ore  out  of 
the  shoots.  At  the  Consolidated  Virginia  the  arrangement  of 
the  mill  is  such  that  one  man  does  all  this  work. 

The  floors  of  the  mill  should  be  kept  clean,  and  should  be 
frequently  washed,  the  result  of  the  washing  being  caught  in 
the  agitators.  No  loose  mercury  should  be  found  on  the  floors, 
tables,  or  anywhere  else.  The  mercury  should  properly  never 
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be  touched,  but  in  any  case  the  whole  floor  of  the  mill  should  be 
washed  at  least  once  a  day.  All  the  drainage  of  the  floors  should 
be  towards  the  agitators,  and  all  drains  should  empty  there. 

The  stamps  always  occupy  the  long  end  of  the  building,  and 
are  arranged  in  batteries  of  five  stamps  each,  four  batteries 
being  usually  placed  together  with  a  passage  way  between  them. 
Occasionally  only  two  batteries  are  placed  together.  In  some 
mills  both  arrangements  are  adopted.  The  Brunswick  Mill  has 
56  stamps  ;  four  sets  at  each  end,  or  eight  altogether,  are  arranged 
with  two  batteries  of  five  stamps,  together  making  40  stamps. 
In  the  middle  there  is  one  set  of  four,  with  four  stamps  to  each 
battery,  making  16.  The  Consolidated  Virginia  has  three  sets 
of  four,  placed  together.  The  usual  arrangement  is,  however,  to 
make  the  series  uniform  both  in  numbers  of  mortars  placed 
together,  and  of  stamps  in  each  batter}*.  Opinions  and  prac¬ 
tice  differ  with  regard  to  the  weight  and  speed  of  stamps,  some 
favouring  light  weight  and  great  speed,  and  others  the  contrary ; 
but  high  speed  requires  that  extra  care  should  be  taken  with 
the  bolts,  and  that  everything  should  be  kept  perfectly  tight, 
or  the  battery  would  soon  rattle  itself  to  pieces.  The  general 
experience  is  in  favour  of  heavy  stamps  with  great  speed  and 
short  drops.  By  increasing  the  weight  of  the  stamps  at  the 
Tombstone  Mill,  with  a  few  improvements  to  the  mortars  and 
screens  in  addition,  the  product  of  the  mill  in  1882  was  raised 
from  60  to  115  tons  per  day.  It  will  generally  be  found  that  low 
feeding  is  best,  with  iron  almost  touching  iron,  but  this  requires 
a  very  skilful  workman  who  will  feed  uniformly  by  sound. 
Under  this  system  more  stems  will  1x5  broken  than  by  high 
feeding,  but  even  if  15  per  cent,  of  the  stems  are  broken  every 
month,  this  will  be  compensated  for  by  the  increased  duty  of  the 
stamps.  In  any  case  the  ore  ought  to  be  delivered  to  the  stamps 
of  uniform  size,  so  small,  if  possible,  that  one  blow  of  the  stamp 
head  will  crush  it.  If  the  ore  is  large  it  may  require  several 
blows.  The  larger  the  pieces  in  the  mortar  the  less  the  drop  will 
be,  and  consequently  the  less  effective  the  work  of  the  stamp. 

In  the  battery  only  just  enough  water  should  be  used  to 
keep  the  screens  clear.  This  will  vary  with  the  ore ;  the  more 
it  is  likely  to  pack,  the  more  water  must  be  used.  When 
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water  is  scarce  low  feeding  is  necessary,  as  the  mortar  would 
otherwise  soon  become  choked.  If  too  much  water  is  used  the 
quantity  of  slimes  will  be  largely  increased.  There  should  be 
as  much  fall  as  possible  from  the  battery  to  the  tanks,  so  that 
there  will  be  no  danger  of  the  launders  becoming  choked. 
The  amount  of  water  required  is  usually  250  to  300  cubic 
feet  per  ton  of  rock  treated,  or  about  10  lb.  per  minute.  In  the 
Brunswick  Mill  the  supply  is  given  by  a  3-in.  pipe.  The  Eureka 
Mill  uses  12  miner’s  inches.  This  includes  all  the  water  used  in 
the  mill.  It  is  supplied  in  Nevada  by  the  water  companies,  and 
is  measured  by  the  miner’s  inch. 

As  it  is  impossible  to  have  the  feed  perfectly  constant  when 
regulated  by  hand,  automatic  feeders*  are  being  introduced. 
This  is  the  most  economical  method  where  the  ore  is  broken 
uniformly.  As  their  work  is  constant  they  increase  the  output 
of  the  stamp,  and  at  the  same  time  decrease  the  wear.  The  jar 
and  noise  of  the  battery,  and  the  fatigue  of  constant  attention, 
is  such  that  the  men  who  feed,  generally  become  careless.  It 
requires  a  tough  and  intelligent  man  to  stand  the  work  for 
twelve  hours,  but  if  the  work  is  pressed,  and  the  mill  large,  no 
automatic  feeder  can  take  the  place  of  a  faithful  and  intelligent 
man,  who  will  feed  his  battery  so  low  that  the  shoes  and  dies 
almost  meet.  In  the  Brunswick  Mill,  where  there  are  56  stamps, 
and  no  automatic  feeders,  three  feeders  on  shifts  of  eight  hours 
are  required  to  do  the  work  of  the  mill. 

The  condition  of  the  ore  as  it  leaves  the  stamps  varies  according 
to  the  size  of  the  screens.  A  mechanical  analysis  of  the  ore  of 
the  South  Aurora  Mill,+  Nevada,  consisting  mostly  of  chloride  of 
silver,  and  yielding  $78  to  $128  per  ton,  is  given  below. 


Water 

.  0.400 

Metallic  iron 

.  0.00G 

Silvor 

.  0.145 

Remained  on  No, 

.  40  screen  . . . 

.  0.025 

CO  „ 

.  1.978 

100  „ 

.  1G.160 

Patted 

100  „ 

.  81.296 

100.000 

*  See  page  181. 

t  Mining  Commiuionera’  Report,  1872,  page  192. 
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This  oro  has  the  following  chemical  composition : 


Silica  . 

.  40.000 

Carbonate  of  lime 

.  48.808 

Sosquioxido  of  iron 

.  0.000 

Alumina . 

.  0.400 

Magnesia . 

.  truce 

Chloride  of  silver 

.  0.102 

Water  . 

.  0.400 

100.000 

There  is  a  great  variation  of  practice  with  regard  to  battery 
amalgamation.  It  is  thought  to  bo  necessary  by  some,  in  order 
to  catch  most  of  the  native  metal  in  tho  mortar,  leaving  the 
sulphides  and  chlorides  of  silver  to  bo  acted  on  in  tho  pans. 
Many  of  the  ores  of  Nevada  contain  some  free  gold,  most  of  which 
is  caught  in  the  mortar  if  amalgamation  is  practised  there.  This 
is  a  constant  temptation  to  tho  workmen  to  steal,  as  it  is  much 
more  valuable  than  the  silver  amalgam,  and  is  much  more  easily 
carried  off  in  small  quantities.  Its  only  real  advantage  is  in  tho 
possibility  of  catching  some  of  tho  float  gold  which  might  other¬ 
wise  be  lost  in  tho  battery  tailings.  The  loss  where  there  is  no 
battery  amalgamation,  is  found  to  be  about  one  per  cent.,  most  of 
which  will  be  regained  in  the  slimes.  In  the  mortar  tho  mercury 
is  floured,  besides  every  casting  is  full  of  holes  and  flaws,  which 
become  filled  with  a  hard  dry  silver  or  gold  amalgam,  and  a  con¬ 
siderable  amount  is  often  collected  from  the  battery  pieces,  amount¬ 
ing  in  some  cases  to  several  ounces ;  and  even  the  most  careful 
workman  cannot  prevent  a  certain  loss,  either  because  it  cannot  bo 
picked  out,  or  because  it  escapes  observation.  Every  crack  or  notch 
in  the  wood  or  ironwork  about  the  mill  becomes  filled,  and  it  is  very 
doubtful,  with  poor  ores,  if  more  is  not  lost  than  saved.  If  the  ore 
is  properly  prepared  the  pans  will  catch  almost  everything. 

The  discharge  from  the  battery  will  vary  according  as  the  mill 
is  for  wet  or  dry  crushing.  In  dry  crushing  the  whole  front  of 
the  mortar  is  closed.  The  ore  from  the  screens  is  discharged 
upon  a  horizontal  endless  table,  which  carries  it  to  a  bin  from 
which  it  is  generally  elevated  by  an  endless  chain  with  buckets, 
to  a  hopper  which  discharges  into  the  furnace  where  it  is  to  be 
worked.  In  wet  crushing  the  splash-box  ends  in  a  sluice,  which 
carries  the  pulp  into  vats,  where  it  collects.  When  the  oro  re- 
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quires  roasting  it  is  always  first  roasted  and  then  chlorurised,  the 
object  of  which  is  to  convert  all  the  silver  into  chloride,  which 
is  easily  decomposed  by  the  reactions  of  the  pan,  and  readily 
yields  tho  metal  to  the  mercury.  There  have  been  a  great  variety 
of  furnaces  invented  to  roast  the  ore.  The  difficulty  in  doing  it 
is  the  expense  of  labour.  A  great  many  attempts  have  been 
made  to  do  away  with  hand  roasting,  and  hence  the  invention 
of  Bruckner’s  cylinders  and  other  mechanical  furnaces,  and  of  the 
Stetefeldt  furnace.*  Experience  has  shown,  however,  that  when 
the  ores  are  very  “  heavy/’  that  is,  contain  a  very  large  amount 
of  sulphur,  mechanical  roasting  furnaces  cannot  usually  compete 
with  the  old-fashioned  reverberatory  furnaces,  with  long  hearths. 
When  the  ores  are  light,  that  is,  contain  but  little  sulphur,  they 
all  work  well,  but  the  Stetefeldt  furnace,  which  works  admirably 
in  Nevada  on  light  ores,  could  at  one  time  only  chlorurise  up  to 
50  or  GO  per  cent  in  Colorado.  At  the  Stewart  Mill,  where  the 
ore  contained  40  per  cent,  of  sulphur,  the  tailings  averaged  35  oz. 
of  silver,  which  did  not  pay  to  work,  but  they  were  by  far  too 
rich  for  the  economical  reduction  of  the  ore,  and  on  this  account 
the  Stetefeldt  furnace  was  tom  down  and  reverberatory  furnaces 
substituted  for  it,  which  burned  five  cords  of  wood  for  12  tons  of 
ore  in  twenty-four  hours.  Working  three  shifts  three  men  arc 
required.  Since  the  addition  of  the  auxiliary  fireplace  in  the  flue 
of  the  Stetefeldt  furnace,  such  working  would  not  be  possible. 

When  the  ore  is  roasted  a  cliloruration  assay  is  made  of  every 
charge  of  roasted  ore.  A  shovelful,  or  2  lb.  or  3  lb.,  is  taken,  from 
which  one-tenth  is  used  for  the  assay.  This  is  leached  on  a  filter 
with  hyposulphite  of  soda,  until  all  the  silver  that  is  in  a  soluble 
condition  is  dissolved,  which  requires  from  twelve  hours  to  twenty  - 
four  hours.  The  filter  is  burned  and  calcined  with  its  residue,  and 
an  ordinary  assay  made  of  it.  At  the  same  time,  an  assa)  of  the 
unleached  oro  is  made,  making  two  assays,  one  on  the  leached 
ore  and  residue,  and  the  other  on  the  ore  as  it  comes  from  the 
furnace.  The  whole  amount  of  silver  in  the  ore  is  thus  deter¬ 
mined.  Tho  amount  of  silver  that  can  be  leached  out  shows  the 
character  of  the  roasting. 

From  the  front  of  the  cooling  floor  in  dry  crushing,  an  rom 
*  Chapter  V. 
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the  front  of  the  stamp  down,  in  wet  crushing  the  floor  of  the  mill 
should  he  made  double,  to  prevent  any  loss  of  ore,  and  especially 
of  mercury  or  amalgam.  In  wet  crushing  mills  the  floors  are 
tarred  so  as  to  be  water-tight.  In  the  best  of  the  recently  con¬ 
structed  mills,  the  floor  of  the  stamp  level  is  made  to  incline  to  a 
central  trough  under  the  battery  floor,  which  connects  with  the 
pulp  tanks.  It  is  washed  down  two  or  three  times  a  day.  In 
the  pan  room  the  floor  between  the  pans  and  settlers  is  made  to 
incline  towards  the  centre,  and  communicates  with  a  settling  vat, 
so  as  to  catch  any  mercury  or  amalgam.  This  is  swept  up  several 
times  a  day,  whenever  there  is  any  accumulation.  This  is  a 
necessary  precaution  against  the  loss  of  mercury  and  amalgam. 
The  pan-room  with  its  settling  vats  is  arranged,  in  wet  crushing, 
either  at  right  angles  to  the  stamps,  as  in  the  Consolidated 
Virginia,  Figs.  133  to  137,  and  Eureka  Mills,  or  parallel  to  them 
as  in  the  Nederland  Mill,  Figs.  128  and  129,  the  Brunswick  Mill, 
as  shown  in  Figs.  130  and  131,  and  the  Lexington  Mill,  Fig.  132. 

In  wet  crushing,  the  quantity  of  water  used  is  from  \  to  }  of  a 
cubic  foot  per  minute,  the  smaller  amount  being  used  for  quartzosc 
ores.  The  ore  from  the  mortar  is  discharged  into  a  splash-box 
which  connects  with  a  trough  that  inclines  in  such  a  way  as  to 
deliver  the  pulp  most  effectually.  It  is  usually  arranged  in  two 
sets,  each  one  of  which  inclines  from  the  outside  towards  the 
centre  of  the  mill,  and  delivers  the  pulp  into  the  settling  vats. 
This  main  sluice  delivers  into  another  running  along  the  settling 
vats  with  a  discharge  for  each  vat,  which  is  closed  by  a  wooden 
gate  when  it  is  full.  These  sluices  are  6  in.  to  8  in.  deep.  Their 
width  depends  upon  the  number  of  mortars  discharging  into  them. 
In  the  Eureka  Mill  the  discharge  is  from  the  battery  into  a 
sluice  10  ft.  long,  6  in.  to  8  in.  deep,  with  an  incline  to  the 
centre.  Here  it  enters  a  sluice  running  at  right  angles  to  the 
mill,  made  into  compartments  G  in.  by  6  in.,  and  arranged  with 
gates,  so  that  the  stream  can  be  made  to  diverge  into  any  vat 
by  means  of  an  inclined  trough  regulated  by  a  gate.  The  fall 
of  the  main  sluice  is  G  in.  in  12  ft.  In  the  Brunswick  Mill  there 
are  17  pulp  vats  which  communicate  with  13  slime  vats,  8  ft. 
long  and  4  ft.  wide.  In  the  Consolidated  Virginia  there  are  42 
pulp  and  42  slime  vats,  9  ft.  long,  5  ft.  wide,  and  3  ft.  deep,  each 
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pulp  vat  having  its  own  slime  vat.  In  this  mill  the  pulp  and  slime 
vats  are  on  the  same  level,  and  for  this  reason,  as  they  do  not 
have  to  be  transported  from  a  lower  level,  the  slimes  arc  treated 
with  the  pulp,  and  not  as  formerly  kept  separate.  In  the  Eureka 
there  are  1C  pulp  vats,  eight  on  each  side  of  the  floor,  in  double 
rows.  They  arc  7  ft.  by  10  ft,  and  3  J  ft  deep.  From  the  slime  vats 
in  the  latter  mill,  the  overflow  either  goes  to  the  slime  reservoir, 
where  it  is  again  settled,  or  goes  to  waste.  This  reservoir  is 
500  ft.  long  and  GO  ft.  broad.  There  will  not  be  less  than  5  to  10 
per  cent,  of  battery  slimes  from  the  Comstock  ores.  There  are 
generally  50  to  100  tons  of  pulp  at  a  time  on  the  settling  floor, 
and  often  more  than  this. 

The  arrangement  of  these  vats  is,  as  we  have  seen,  either  at 
right  angles  to  the  stamps  or  parallel  to  them.  The  way  they 
are  to  be  arranged  is  determined  by  the  lay  of  the  ground,  or  by 
the  same  causes  which  influence  the  arrangement  of  the  pans. 
There  should  be  as  many  as  possible,  in  order  to  do  as  much  of 
the  settling  under  cover  as  can  be  done,  so  that  there  shall  be  no 
stoppage  on  account  of  the  weather  in  winter,  or  careless  handling 
on  account  of  the  cold.  They  are  always  arranged  so  that  as 
soon  as  one  vat  is  emptied,  the  overflow  from  the  others  can  be 
turned  into  it.  When  the  mill  is  working  with  its  proper  com¬ 
plement  of  men,  not  more  than  three  or  four  vats  will  ever  be 
full  of  sand. 

The  work  of  discharging  goes  on  constantly.  The  pulp  is 
lifted  out  with  a  light  iron  bucket  1  ft.  in  diameter,  with  a  gas- 
pipe  handle  about  8  ft  long,  and  thrown  upon  the  floor  behind 
the  pans.  They  are  of  the  consistency  of  very  thick  mud,  and 
are  arranged  in  such  a  way  as  to  drain  a  little,  but  this  is  not 
necessary,  as  they  are  wet  again  when  they  go  back  into  the 
pans. 

The  greatest  possible  number  of  the  vats  should  be  kept 
settling,  but  as  every  tank,  before  it  is  discharged,  must  be 
settled,  at  least  two  and  generally  three  or  four  arc  full  at  once. 
This  settling  is  necessary,  so  that  the  pulp  will  be  sufficiently 
consistent  to  be  thrown  out  on  the  drying  floor.  This  is  done 
when  the  vat  is  full.  The  pulp  is  then  turned  off  and  the  vat 
settled,  and  the  water  baled  or  pumped  out.  As  soon  as  the 
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pulp  is  consistent  enough  to  be  handled,  it  is  thrown  out  on  the 
drying  floor  behind  the  pans,  which  drains  into  the  slime  vats. 
This  floor  is  18  in.  deep,  and  8  ft.  to  10  ft.  wide,  the  length 
depending  on  the  length  of  the  building.  At  the  Eureka  Mill  it 
is  65  ft.  long.  At  the  Consolidated  Virginia  it  is  5  ft.  6  in.  wide, 
and  the  length  of  the  mill ;  it  projects  there  3  ft.  over  the  slime 
vats.  At  the  Eureka  Mill,  five  men  are  required  to  handle  the  pulp. 
Such  a  large  proportion  of  the  work  about  the  mill  consists  in 
handling  the  pulp,  that  it  is  now  proposed  to  collect  them  in 
hopper-shaped  vats  above  the  level  of  the  pans  and  discharge 
them  by  a  slide  into  the  pans*  It  is  also  proposed  to  have 
the  pulp  overflow  from  one  pan  to  another,  and  in  this  way  avoid 
handling  it. 

The  ore  having  now  undergone  all  the  mechanical  treatment 
necessary,  is  ready  for  the  pans.  These  are  of  various  kinds, 
though  the  principle  on  which  they  are  constructed  is  the 
same  in  all  of  them.  Their  capacity  varies  from  1500  lb.  to 
4000  lb.  It  may  be  said  of  them,  as  of  all  the  machines,  that  the 
simplest  in  construction  are  generally  the  best.  They  are  placed 
in  front  of  the  settling  tanks  in  the  wet  crushing  mills,  and 
at  a  convenient  distance  from  the  roasting  furnaces  in  the  dry 
crushing  mills.  In  the  wet  crushing  mills,  they  are  usually 
placed  about  20  in.  above  the  settling  floor,  and  sometimes, 
as  in  the  Brunswick  Mill,  project  about  1  ft.  over  it.  This 
projection  is,  however,  not  always  convenient,  as  it  contracts 
the  space.  The  object  of  it  is  to  prevent  any  loss  of  the  ore 
between  the  edges  of  the  floor  and  the  sides  of  the  pan.  In 
some  of  the  mills,  when  the  pans  have  wooden  sides,  they  are 
covered  on  the  outside  with  sheet  iron,  which  fits  the  woodwork 
at  the  bottom  very  closely.  This  is  done  to  prevent  the  loss  of 
mercury,  from  its  forcing  itself  through  the  pores  of  the  wood,  or 
from  leaks,  so  that  all  the  mercury  which  comes  through  the 
wood,  will  be  caught  in  the  depression  on  the  circumference  of 
the  bottom  of  the  pan,  between  the  wood  and  sheet  iron.  The 
usual  life  of  a  pan  is  from  five  to  six  years. 

According  to  the  character  of  the  ore  the  amalgamation  consists 
of  two  different  periods;  the  first  one  of  which  is  grinding, 
*  Trana.  Am.  Min.  last.  Eng.,  vol.  xi.,  p.  321. 
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and  the  second  is  amalgamation  properly  speaking.  The  object 
of  grinding  is  to  reduce  the  ore  to  an  impalpable  fineness,  and 
to  clean  and  brighten  any  native  metals,  so  that  they  can  be 
readily  acted  upon.  The  motion  of  the  mullers  mixes  all  the 
materials  thoroughly  together,  so  that  the  reactions  of  the 
chemicals  which  are  added  to  the  pulp  may  reduce  any  ore  in 
chemical  combination,  and  keep  the  mercury  clean  and  bright, 
and  prevent  it  as  much  as  possible  from  flouring  The  object  of 
amalgamation  is  to  catch  all  the  precious  metals  in  the  mercury. 
The  pans  are  all  intended  to  receive  only  well-ground  ore,  thougli 
in  certain  cases  pieces  as  large  as  a  pea  may  be  treated,  but  this°is 
a  very  questionable  practice ;  it  is  better  to  have  all  the  pulp  tine. 

The  objects  sought  for  in  all  these  different  machines,  are  to 
unite  as  far  as  possible  a  grinding  with  a  stirring  surface,  and  to 
combine  at  the  same  time  a  uniform  wear  of  the  cast  iron,  with 
such  a  distribution  of  the  mercury,  that  it  will  not  flour,  and  also 
that  the  pan  shall  have  the  greatest  possible  grinding  surface 
consistent  with  cheapness  and  simplicity,  and  allow  of  the  maxi¬ 
mum  of  freedom  in  the  circulation  of  the  pulp  in  the  machine. 
A  few  pans  have  been  invented  to  treat  large-sized  ore,  but 
these  have  generally  proved  failures,  for  the  conditions  favourable 
to  reducing  the  ore  from  the  size  of  a  grain  of  com  to  pulp,  are 
such  as  are  favourable  to  a  maximum  loss  in  mercury.  Long 
experience  has  shown  that  the  attempt  to  make  the  pan  grind  is 
a  mistake,  and  that  the  best  results  are  always  obtained  when 
the  stamp  crushes  so  fine  that  in  the  pan  the  shoes  and  dies  can 
almost  touch.  In  some  mills,  where  no  grinding  is  done,  the  iron 
shoes,  when  they  wear  out,  are  replaced  by  wooden  ones.  Sim¬ 
plicity  and  cheapness  is  claimed  for  all  these  pans,  and  they  each 
propose  to  work  the  greatest  amount  of  pulp,  and  produce  the 
best  results  in  a  given  time,  with  the  least  labour  and  cost  of 
repair.  All  these  desiderata  arc,  however,  not  found  in  perfection 
in  any  one  pan.  Formerly  pans  with  conical  bottoms  were  very 
much  used,  but  latterly  they  are  being  abandoned  for  flat- 
bottomed  ones,  because  they  are  better  adapted  for  grinding. 
With  the  maximum  amount  of  work  the  flat-bottomed  pan  will 
wear  more  uniformly  than  the  conical  one,  and  is  more  easily 
put  in  repair.  The  conical  pan  requires  less  power,  but  this  is 
vol.  i.  2  b 
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only  an  apparent  advantage,  as  it  does  less  work.  The  sides  of 
the  pans  arc  generally  made  of  cast  iron,  cast  in  one  piece 
with  the  bottom.  Sometimes  the  pans  are  made  with  cast- 
iron  bottoms  and  wooden  sides,  in  which  case  there  is  always 
a  ring  cast  on  the  bottom  of  the  pan  for  the  staves  to  fit  in. 
In  very  early  times  they  were  sometimes  made  with  wooden 
sides  and  stone  bottoms  in  imitation  of  the  old  Mexican  arrastra, 
but  this  construction  has  been  abandoned.  The  main  object 
of  the  pan  is  to  create  such  a  current  in  the  pulp  and  quick¬ 
silver  that  every  particle  of  ore  shall  at  the  same  time  be 
1  trough t  into  contact  with  every  particle  of  quicksilver.  This  i> 
effected  by  the  shape  of  the  shoes  and  the  openings  in  the  muller, 
which  produce  currents  which  must  be  strong  enough  at  the 
bottom  to  move  the  quicksilver,  while  it  throws  the  pulp  high  up 
on  the  sides  of  the  pan,  leaving  the  moving  mass  concave  in  the 
centre.  The  pulp  slides  down  in  the  centre,  passes  under  the 
muller  and  is  thrown  up  again.  If  the  current  is  sufficiently 
strong  to  carry’  the  mercury,  its  rate  of  flow  will  not  be  the  same 
as  that  of  the  ore,  and  it  will  tend  to  lag.  If  the  velocity  is 
properly  proportioned,  the  mercury  will  break  up  and  mix  itself 
with  the  ore.  To  prevent  the  pulp  rising  too  high  on  the  side, 
wings  of  the  approximative  shape  of  an  inverted  ploughshare  are 
attached  to  the  sides  of  the  pan.  The  upward  current  is  thus 
checked  and  turned  back  to  fall  again  under  the  muller.  Each 
variety  of  pan  claims  to  bring  about  all  of  these  movements  in 
the  greatest  perfection  and  thus  to  attain  the  best  results.  With 
regard  to  the  mechanical  part  of  the  pan,  the  driving  wheels 
below  should  be  as  plain  as  possible  and  open  to  inspection.  The 
muller  must  not  be  too  much  cut  away  for  fear  of  weakening  it. 
The  raising  and  lowering  of  the  muller  when  done  by  a  large 
handwheel  should  have  a  left-hand  screw  on  the  top.  The  jam 
wheel  should  be  of  the  same  size  as  the  raising  wheel  instead  of 
being  smaller,  as  it  usually  is.  It  often  requires  more  power  to 
lower  the  muller  than  to  raise  it. 

The  pan  consists  of  several  distinct  parts ;  the  pan  proper, 
upon  the  bottom  of  which  the  dies  are  fastened,  and  the  muller, 
upon  the  bottom  of  which  the  shoes  are  fastened.  In  their 
general  detail  the  pans  most  in  use  are  alike,  differing  chiefly  iu 


371 


Description  of  Pans. 


the  arrangements  and  number  of  the  shoes  and  .lies,  and  the 
method  of  fastening  them  either  to  the  muller  or  to  the  pan 
bottom.  The  muller  itself  will  vary  in  shape  and  in  its  mode  of 
suspension,  and  this  is  a  matter  of  some  importanee,  since  upon 
the  mode  of  suspension  will  depend  the  ease  with  which  the 
muller  may  be  raised  and  lowered  to  effect  or  prevent  grindino 
or  to  remove  it  entirely  from  the  pan,  in  order  either  to  clean  it 
or  to  replace  the  shoes  and  dies.  In  its  simplest  expression  the 
muller  is  a  flat  disc  attached  to  a  cone  whose  surface  is  more  or 
less  pierced  in  the  different  varieties.  In  general,  the  nearer 
solid  it  is  the  stronger  it  will  be.  When  it  is  too  much  cut  out 
it  is  liable  to  break.  The  number  of  shoes  to  be  attached  varies 
from  four  to  twelve.  They  are  from  2  in.  to  3  in.  thick,  and  weigh 
oOOlb.  to  800  1b.  Experience  has  shown  that  it  is  desirable  *to 
have  at  least  six.  With  a  less  number  the  movement  of  the  pulp 
is  not  favourable  to  the  highest  amalgamation,  and  with  the  higher 
the  muller  is  liable  to  become  weak  and  to  break.  Some  of°the 
pans  have  a  double  bottom,  and  more  rarely  jacketted  sides,  for 
the  introduction  of  steam,  in  order  to  raise  the  temperature  of 
the  pan  to  200  deg.  Fahr ,  to  assist  the  amalgamation.  This 
complicates  the  construction  of  the  pan,  and  increases  its  cost. 
Others  do  not  have  any  false  bottoms,  as  at  the  Brunswick  Mill, 
but  introduce  the  steam  directly  into  the  pulp,  by  a  pipe  which 


goes  to  within  5  in.  or  6  in.  of  the  bottom  of  the  pan.  This 
was  formerly  thought  a  disadvantage,  as  the  steam  tends  to 
dilute  the  pulp  and  make  it  too  thin.  It  has,  however,  the 
great  advantage  of  saving  time,  as  the  charge  is  raised  much 
more  rapidly  to  the  proper  temperature  in  this  way  than  by  the 
more  complicated  system  of  a  double  bottom,  whose  only  advantage 
is  the  saving  of  fuel  effected  by  the  use  of  the  exhaust  steam. 
Direct  steam  must  be  used  in  the  pan,  as  exhaust  steam  always 
carries  oil  with  it  and  would  thus  prevent  the  action  of  the 
mercury.  The  pans  are  generally  covered  with  wooden  or  cast- 
iron  covers,  and  the  steam  introduced  through  a  hole  in  the 
cover.  At  the  Brunswick  Mill  there  are  for  this  purpose  two 
boilers,  only  one  of  which  is  worked  at  a  time,  which  give  steam 
at  25  lb.  pressure,  but  80  lb.  is  sometimes  used  here  and  at  the 
Eureka  Mill.  This  amount  of  steam  power  is  necessary,  as  in 
2  B  2 
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winter  not  only  the  pulp  in  the  pans  but  the  water  and  the  whole 
mill  must  be  heated.  The  wood  for  this  purpose  costs  S5  a  cord. 
The  temperature  of  the  pulp  in  the  pan  is  brought  up  about 
to  the  boiling  point  by  the  steam.  Up  to  this  point  the  hotter 
the  pulp  the  more  perfectly  the  reactions  will  take  place.  If  the 
pans  are  covered,  as  they  always  should  be  when  steam  is  used, 
the  pulp  will  be  kept  at  this  temperature,  after  the  steam  is  cut 
off,  by  the  reactions  which  take  place  during  the  operations  in  the 
pan.  Sometimes,  especially  in  such  mills  as  have  had  pans  with 
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double  bottoms  constructed,  both  methods  are  used,  and  the  steam 
is  introduced  into  the  pan  and  underneath  it  at  the  same  time. 
It  has  been  considered  an  advantage  in  some  cases  to  use  the 
double  bottom,  because  in  that  case  the  exhaust  steam  may  be 
used.  Where  the  steam  is  used  directly,  it  cannot  pass  through 
the  engine  on  account  of  the  oil  and  grease  which  exhaust  steam 
contains,  which  would  hinder  the  amalgamation,  but  must  be 
taken  directly  from  the  boiler.  In  some  mills  amalgamated 
copper  plates  are  used  in  the  pan  and  much  amalgam  collects 
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on  them,  but  the  general  rule  is  to  discharge  the  pans  into 
settlers  and  collect  the  mercury  and  amalgam  there. 

There  are  a  great  number  of  pans  in  use,  which  differ  more  in 
detail  than  they  do  in  principle.  Almost  all  the  pans  with  conical 
bottoms  have  been  given  up.  Only  those  are  described  which  are 
in  general  use  either  in  Colorado,  Nevada,  or  California.  The}' 
resemble  each  other  in  many  particulars,  differing  in  mere  detail 
of  construction,  or  of  the  arrangement  of  the  muller,  shoes,  and 
dies.  Most  of  the  early  pans  have,  as  stated  above,  double 
bottoms  for  steam,  which  are  gradually  being  given  up  for  the 
introduction  of  steam  directly  into  the  pulp.  A  5-ft  pan  with 
wooden  staves  will  weigh  about  6500  lb. ;  an  iron  pan  of  the 
same  dimensions  about  7000  lb.  When  required  for  use  in 
mountainous  countries  they  are  made  in  sections,  the  heaviest 
piece  of  which  does  not  weigh  over  300  lb. 

The  Wheeler  pan,  Fig.  140-141,  is  one  of  the  oldest,  having  been 
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introduced  in  1862.  It  is  usually  made  5  ft.  in  diameter,  with  a 
flat  iron  bottom,  and  a  steam  chamber  h.  The  sides  are  of  wood, 
or  of  cast  or  wrought  iron.  When  they  are  of  wood,  the  bottom 
is  let  into  the  sides.  The  dies  c  are  fastened  to  the  bottom 
by  dovetails  which  fit  into  sockets.  The  muller  e  is  carried 
by  a  vertical  shaft  g,  which  passes  through  a  cone  in  the 
centre  of  the  pan,  on  the  upper  end  of  which  a  screw  thread  is 
cut  for  the  purpose  of  raising  the  muller,  when  the  pan  is  to  be 
cleaned.  It  is  secured  at  any  height  by  a  key  fitting  into  a  >dot 
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in  the  muller  nut  /.  The  shoes  d  are  attached  to  the  muller  by 
dovetails  and  sockets,  and  the  distance  between  the  shoes  and 
dies  is  regulated  by  the  handwheel  r,  which  raises  or  lowers  the 
block  p,  on  which  the  axis  of  the  pan  rests.  On  the  sides  amal- 


Fi(j.  142. 


gamated  copper  flies  or  wings  arc  placed,  whose  object  is  to  con¬ 
stantly  change  the  motion  of  the  pulp,  and  to  catch  any  amalgam. 
The  motion  is  communicated  by  a  bevel  gearing.  The  pan  can  be 
stopped  or  set  in  motion  by  means  of  a  handwheel  attached  to  the 


The  Horn  Pan. 
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lever  g.  The  peculiarities  of  this  pan  are,  the  means  of  raising 
the  niuller,  and  the  great  distance  between  the  muller  and  the 
sides  of  the  pan. 

The  Varney  pan,  Fig.  142,  was  at  one  time  the  most  exten¬ 
sively  used  of  all  the  pans,  but  is  now  going  out  of  favour.  It 
is  made  of  iron,  the  sides  being  either  cast  in  one  piece,  or 
made  sectional.  It  has  the  same  suspension  as  the  Horn  and 
Patton  pans,  but  the  muller  Is  made  in  one  piece,  the  dies 
are  bolted  to  the  bottom  of  the  pan,  and  the  shoes  are  also  bolted 
to  the  muller.  It  is  consequently  not  so  easy  to  remove  them  as 
in  the  pans  where  they  arc  fitted  with  slots,  like  the  Wheeler 
pan.  Only  a  part  of  the  bottom  of  the  pan  is  covered  by  the 
die.  It  has  the  same  wings  as  the  Wheeler  pan. 

The  Horn  pan,  Fig.  143,  has  iron  sides  and  a  flat  bottom  like  the 


j Fig.  143. 

Wheeler,  and  also  has  a  steam  bottom,  which  is  composed  oi  a  fl« 
plate  6,  upon  which  the  pan  proper  is  bolted.  Iht  space  i  * 
steam  is  made  by  the  two  hollows  formed  by  tin  prqjec 
necessary  for  the  sockets  of  the  die.  The  shoes  an 
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fastened  in  the  same  way  as  in  the  Wheeler  pan.  The  muller  is  not, 
however,  fastened  to  the  driver,  but  is  caught  in  grooves,  so  that 
it  moves  only  when  the  driver  is  turned  in  one  direction  ;  in  the 
other  it  is  loose.  The  height  of  the  shoes  and  dies  is  regulated 
by  two  handwheels  at  the  top  of  the  shaft.  On  the  circumference 
of  the  inside  of  the  pan,  there  is  a  groove  into  which  a  scraper  w 
is  introduced ;  it  is  fastened  to  the  muller  as  shown  in  the 
separate  sketch.  A  scraper  is  also  attached  to  the  inside  of 
the  muller,  fitting  into  a  similar  groove  there.  The  shape  of  the 
wings  is  different  from  that  of  the  Wheeler  pan.  A  yoke  is 
attached  to  the  bottom  of  the  pan  which  carries  the  bearings  for 
the  vertical  and  horizontal  shafts.  This  yoke  and  the  scrapers 
are  the  peculiarities  of  this  arrangement. 

The  Patton  pan,  Fig.  144,  is  a  combination  of  the  Wheeler  and 
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Horn  pans.  The  steam  bottom  is  fastened  in  the  same  way, 
but  is  not  exactly  like  that  of  the  Horn  pan.  The  sides  are  of 
wood  supported  by  a  flange,  which  is  nearly  as  high  as  the  muller, 


The  Combination  Pan. 
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in  order  to  prevent  the  loss  of  mercury,  and  is  a  much  better 
disposition  than  that  adopted  in  the  Wheeler  pan.  The  shoes  and 
dies  are  attached  as  in  the  other  pans.  The  motion  of  the  muller 
is  the  same  as  in  the  Horn  pan,  as  well  as  the  means  of  regulating 
it.  It  has  the  same  wings  as  in  the  Horn  pan,  but  no  scrapers. 
The  bearings  for  the  gear  wheels  and  horizontal  shaft  are  set 
on  a  beam  underneath. 

The  Combination  pan,  Fig.  145,  is  a  combination  of  the  Wheeler 


Fig.  145. 


and  Patton  pans,  with  a  number  of  improvements  on  both.  Its 
capacity  is  15  tons  in  twenty-four  hours;  it  is  the  most  ex  ten 
sively  used  of  all  the  pans.  When  free  milling  oies  aie  tu  att  , 
the  sides  and  bottom  are  cast  in  one  piece ;  when  used  foi  ioaste 
ores  the  sides  of  the  pan  are  of  wood.  From  the  top  0  ^ ie 
rim  about  G  in.  of  the  sides  is  lined  with  J-in.  copper  plates,  an 
the  wings  have  also  copper  plates,  16  in.  wide  at  tin  hot 
10  in.  at  the  top  bolted  to  them.  This  is  done  to  help  thecoUec- 
tion  of  the  amalgam,  which  is  always  finer  on  the  copper 
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the  iron.  Some  of  the  chief  advantages  of  this  pan  are  that  the 
muller  is  loose  from  the  muller  stem,  and  that  both  the  muller 
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easily  pried  out  with  a  bar  when  necessary.  The  muller  is  fixed 
in  the  stein  by  means  of  a  key  in  the  screw  thread ;  by  taking 
out  the  key  and  turning  the  muller  on  the  stem  it  may  be 
raised  and  kept  at  any  height  for  any  length  of  time,  and  as 
easily  lowered.  The  three  wings  aro  attached  to  pieces  of  iron, 
which  are  dovetailed  to  fit  into  slots  in  the  side  of  the  pan. 

Stevenson’s  pan,  Figs.  H6  to  H9,  is  one  of  the  most  recently 
introduced,  and  is  said  to  bo  the  best  pan  for  amalgamating  that 
has  been  invented.  It  docs  not  have  some  of  the  mechanical 
advantages  of  the  Combination  pan,  and  has  less  grinding  surface. 


Fig.  148. 


Fig.  149. 

though  the  distribution  of  the  pulp  throughout  the  pan  is  much 
more  perfect  than  any  other,  on  account  of  the  four  double  curved 
mould  boards  u,  which  are  introduced  to  throw  the  pulp  to  the 
outside  and  upper  part  of  the  pan,  from  which  it  falls  again  under 
the  muller,  and  so  insures  a  maximum  amount  of  grinding.  As  the 
mullers  are  nearer  the  centre  of  the  pan,  less  power  is  required 
to  do  the  grinding  than  in  other  pans  of  the  same  capacity.  The 
mould  boards  raise  the  pulp  regularly  without  violence,  and 
admit  of  a  larger  charge  in  the  pan.  It  has  a  steam  bottom  like 
the  other  pans,  and  the  suspension  is  the  same  as  in  the  Horn 
and  Patton  pans.  The  muller  (j  is  attached  to  the  driver  d, 
which  is  keyed  upon  the  shaft  by  four  lugs  c,  so  that  the  space 
between  them  and  the  cone  of  the  pan  is  entirely  free.  It  has  six 
shoes  i,  which  weigh  100  lb.  each,  and  eight  dies  k,  which  weigh 
85  lb.  each.  The  arrangements  for  driving  the  pan  are  the  same 
as  in  the  others.  It  has  a  capacity  of  3500  lb.  of  pulp.  Its  total 
weight  is  6500  lb. 
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Above  the  pans,  as  at  the  Brunswick,  Consolidated  Virginia, 
and  all  recently  constructed  mills,  a  track  with  a  12-in.  gauge  is 
attached  to  the  framework  of  the  roof,  which  carries  iron  rails. 
The  cars  running  on  this  track  have  eye-bolts  for  Weston  chain 
blocks,  which  are  used  to  lift  off  the  covers  when  necessary,  and 
to  take  out  the  mullei;  when  the  pan  is  to  be  cleaned.  This 
arrangement  is  made  not  only  on  account  of  convenience,  but  also 
to  guard  against  accidents,  which  were  always  happening  to  the 
feet  of  the  men  when  an  ordinary  block  and  tackle  were  used. 
The  inuller  or  cover,  or  both  of  them,  may  be  removed  by  the 
overhead  tackle,  carried  to  any  part  of  the  mill,  placed  on 
the  floor  or  kept  suspended,  according  to  the  requirements  of  the 
work.  It  is  no  trouble  to  run  the  car  to  any  spot,  while  it  was 
not  easy  to  attach  the  block  and  tackle,  so  that  the  pans  are 
more  carefully  watched  than  formerly.  The  arrangement  of  the 
pans  in  the  Consolidated  Virginia  Mill  is  shown  in  Figs.  133  to 
137,  and  167  to  172.  That  of  the  Nederland  Mill  in  Figs.  128  and 
129,  and  that  of  a  dry  crushing  mill  built  in  1873,  in  Figs.  130 
and  131.  The  plan  and  sections  of  the  Lexington  Mill  are  shown 
in  Fig.  132.  The  building  of  the  Consolidated  Virginia  Mill  which 
contains  the  pulp  and  slime  vats  is  shown  in  Figs.  150  to  153, 
and  the  pan  and  settler  frames  in  Figs.  154  to  ICO. 

Before  charging  water  sufficient  to  cover  the  muller  is 
introduced  into  the  pan.  If  the  pan  is  open,  it  is  introduced 
from  a  discharge  pipe  above  it.  If  it  is  covered,  an  india-rubber 
pipe  is  attached  to  the  discharge  pipe,  which  enters  the  pan,  in 
the  Brunswick  Mill,  through  an  opening  in  the  cover  11  in.  by 
8  in.  The  charge  of  ore  is  then  put  in.  A  charge  varies  usually 
fioin  800  lb.  to  4500  lb.,  the  latter  charge  being  usually  for 
treating  slimes  in  very  largo  pans.  At  the  California  Mill, 
Virginia  City,  with  the  Combination  pan  the  charge  is  3600  lb. 
At  the  Eureka  Mill,  Nevada,  where  the  Wheeler  pan  is  used,  the 
charge  is  3200  lb.  At  the  Brunswick  Mill,  near  Carson  City, 
where  the  Horn  pan  is  used,  it  is  26001b.  At  Stewart’s  Mill,  in 
Georgetown,  Colorado,  where  the  Varney  pan  is  used,  it  is  1100  lb. 
In  Judd  and  Crosby  s  Mill,  Georgetown,  where  the  Combination 
pan  is  used,  it  is  28001b.  At  the  Nederland  Mill,  in  Colorado,  it 
is  bo0  lb.  Tho  charge  of  ore  and  water  fills  the  pan  about  half 
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full.  The  pulp  becomes  in  this  way  about  as  thick  as  batter.  In 

some  mills,  as  at  the  Eureka,  it  is  made  as  thick  as  the  muller  can 
move  in. 

In  charging,  it  is  usual  to  raise  the  muller  about  }  in.  to  h  in. 
m  others  it  is  not  raised  but  bears  on  the  dies,  and  the  *ore 
roasted  or  not,  is  either  dumped  upon  the  floor  in  front  of  the 
pan  and  shovelled  into  it,  which  takes  about  five  minutes  •  or  in 
the  case  of  covered  pans,  the  car  bringing  the  ore  contain  the 
charge,  and  is  arranged  to  dump  its  whole  contents  through  an 
elliptical  hole  18  in.  by  20  in.  in  the  cover  of  the  pan,  as  in  the 
Nederland  Mills  in  Colorado,  and  the  Brunswick  Mill  in  Nevada, 
While  the  charge  is  being  made  the  muller  revolves  from  60  to 
90  revolutions  a  minute ;  at  the  Consolidated  Virginia  Mill  it 
makes  90.  At  the  Eureka  Mill  it  makes  85,  at  the  Brunswick  88, 
at  Stewart’s  70,  at  Judd  and  Crosby’s  Mill  60,  and  at  the  Neder¬ 
land  75.  It  is  absolutely  necessary  that  the  muller  should  be  in 
motion  when  the  charge  is  made,  in  order  to  save  power,  for  the 
reason  that  if  the  charge  was  made  directly  upon  the  muller,  it 
being  motionless,  it  either  could  not  be  moved,  or  the  force 
required  to  start  it  would  be  so  great  that  it  would  be  liable  to 
break.  The  rapid  revolution  of  the  muller  causes  the  pulp  to  rise 
almost  to  the  top  of  the  sides  of  the  pan.  As  soon  as  the  charge  is 
made  the  muller  is  lowered  so  that  the  shoes  and  dies  almost  touch. 
Steam  is  now  introduced  to  raise  the  temperature  of  the  pulp 
from  160  deg.  to  200  deg.  Fahr.,  when  it  is  shut  off.  The  charge 
will  be  in  the  pan  on  an  average  about  five  hours.  At  the  end  of 
one  to  one  and  a  half  hours,  the  ore  is  reduced  to  a  fine  pulp.  It 
is  tested  by  feeling  it  between  the  thumb  and  fore-finger,  and 
when  the  proper  grain  is  recognised  by  the  touch,  the  mercury  is 
introduced. 

To  secure  the  best  grinding  the  pulp  must  be  thin  ;  to  secure  the 
best  amalgamation  it  should  be  about  the  consistency  of  honey,  so 
that  the  best  practice  consists  in  having  the  pulp  thin  at  first,  but 
so  arranged  that  when  it  is  ground  it  will  thicken  sufficiently  to 
cause  the  mercury,  as  soon  as  it  is  broken  up  into  small  globules 
hy  the  motion  of  the  muller,  to  become  diffused  and  suspended  in 
the  pulp.  In  order  to  ascertain  the  exact  condition  of  the  pulp,  it 
is  usual  to  take  an  assay  sample  which  should  show  the  mercury 
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evenly  distributed.  If  the  pulp  is  of  the  proper  consistency,  all 
the  small  globules  will  be  earned  by  the  current  which  comes  out 
from  under  the  muller  to  the  surface  and  returned  again  with  the 
current,  and  the  large  globules  will  sink  through  the  pulp  and  be 
thrown  up  again.  The  production  of  the  most  efficient  current  is 
the  object  and  aim  of  all  the  inventions  of  pans,  and  hence  the 
number  of  shapes  of  the  shoes,  the  slots,  openings,  and  grooves 
in  and  through  them  and  the  muller,  to  produce  the  continual 
discharge  from  under  the  shoes,  thus  throwing  the  pulp  to  the 
surface,  and  causing  a  return  of  the  current  under  the  shoes.  In 
some  cases  the  mercury  is  introduced  from  the  commencement ; 
this  is  a  bad  plan,  for  the  reason  that  the  mercury  being  ground 
with  the  ore  is  likely  to  become  floured  and  lost. 

The  time  of  grinding  is  sometimes  as  long  as  four  hours, 
when  by  accident  rebellious  ores  which  have  been  roasted 
with  salt  are  not  well  chlorurised,  as  it  is  often  cheaper  to  reduce 
the  ore  in  the  pan  than  to  re-roast  it.  Sometimes  the  muller  is 
raised  when  the  mercury  is  introduced,  and  sometimes  it  is  allowed 
to  grind  until  within  three  quarters  of  an  hour  of  the  time  of 
discharging  the  pan ;  but  generally  the  mercury  is  not  added 
until  after  the  grinding  is  finished,  which  with  free  milling  ores 
is  two  hours;  with  roasted  ores  it  is  generally  added  at  once. 
The  object  of  raising  the  muller  when  the  mercury  is  introduced 
is  to  prevent  its  flouring.  When  the  muller  is  raised  after  the 
mercury  is  added,  the  materials  for  quickening  and  saving  it 
are  added. 

The  quantity  of  mercury  charged  varies  in  different  mills,  and 
with  different  ores,  according  to  their  richness;  it  being  generally 
about  GO  lb.  to  2001b.  to  a  charge  of  12001b.  to  15001b.  of  ore. 
In  some  cases  as  much  as  300  lb.  of  mercury  are  put  into  the 
pan,  and  an  additional  quantity  is  put  in  towards  the  close  of 
the  operation.  No  very  regular  rule  seems  to  bo  followed.  The 
quantity  should  bo  increased  or  diminished  according  as  the 
assay  shows  the  working  to  bo  good  or  bad.  At  the  Cali¬ 
fornia  Mill,  with  the  Combination  pan,  it  is  350  lb.  At  the 
Brunswick  Mill,  with  the  Horn  pan,  tho  charge  is  3G0  lb. ;  at 
the  Eureka  Mill,  with  tho  Wheeler  pan,  the  charge  is  2001b.  for 
ore  assaying  $75,  and  1G0  lb.  for  that  assaying  $50,  three  quarters 
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being  gold  and  one  quarter  silver.  At  Stewarts  Mill,  with  the 
Varney  pan,  1J  02.  of  mercury  are  added  for  each  ounce  of 
silver.  At  Judd  and  Crosby's  Mill,  with  the  Combination  pan 
250  lb.  is  used  for  100  oz.  ore.  At  the  Nederland  Mill,  where 
the  combination  pan  is  used,  150  lb.  is  charged. 

There  are  several  ways  of  introducing  the  mercury.  Some¬ 
times  the  flask  is  simply  emptied  over  the  side  of  the  pan,  which 
is  a  veiy  bad  method.  Sometimes  the  mercury  is  poured  from  the 
flask  between  the  fingers ;  sometimes  it  is  poured  through  a 
strainer.  In  some  milLs  it  is  pressed  through  canvas.  The  object 
of  all  these  different  methods  is  to  scatter  the  mercury  as  far  as 
possible,  so  that  it  shall  not  collect  in  any  one  place.  The  usual 
charge  of  mercury  is  about  10  per  cent,  of  the  average  charge  of 
ore.  A  small  quantity  of  sodium,  or  of  sodium  amalgam,  is  in 
some  cases  added  to  the  mercury  to  make  it  “  quick.”  No  special 
advantage  seems  to  result  from  it,  so  that  this  addition  has  been 
for  the  most  part  abandoned. 

Generally,  before  the  mercury  is  introduced,  the  muller  is 
raised  so  that  the  shoes  are  £  in.  from  the  dies,  in  order  to  avoid 
the  grinding  action  which  would  flour  the  mercury  ;  but  in  some 
mills,  as  at  the  Brunswick,  the  muller  is  always  down,  and  is 
never  raised,  except  to  clean  out  the  pan.  This  is,  however,  an 
exceptional  case,  for  with  any  ordinary  pan  all  the  grinding 
necessary  has  been  performed,  so  that  when  it  is  advisable  to 
keep  the  muller  down  a  maximum  length  of  time,  it  will  be 
raised  at  least  three-quarters  of  an  hour  before  the  pan  is  to  be 
discharged,  as  all  the  work  that  it  can  do  to  advantage  is  at  that 
time  moving  the  mercuiy  about,  and  incorporating  it  in  the  pulp. 

Tlie  time  devoted  to  amalgamating,  will  be  influenced  by  the 
richness  of  the  ore,  and  to  some  extent  by  the  capacity  of  the 
mill.  It  is  often  advisable  to  sacrifice  a  very  small  percentage  of 
the  value  of  the  ore  for  the  sake  of  working  a  greater  number  of 
tons  per  day.  To  insure  economical  results,  a  charge  should  not 
be  allowed  to  remain  in  the  pan,  subject  to  the  action  of  the 
quicksilver  and  chemicals,  less  than  four  or  five  hours.  The  results 
of  almost  all  the  experiments  made  on  this  subject  show  that  but 
little  is  gained  by  lengthening  the  time.  In  many  of  the  mills 
the  entire  time  of  the  ore  in  the  pans  is  limited  to  from  four 
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to  six  hours;  in  others  it  is  as  high  as  eight  hours.  The 
same  ore  treated  side  by  side  often  does  not  show  a  gain  of 
one  per  cent  per  hour  after  four  hours’  treatment.  The  most 
important  part  of  the  process  is  to  keep  the  mercury  clean. 
Some  ores  dirty  the  mercury,  and  in  such  a  case,  as  it  cannot  be 
kept  clean,  it  should  at  least  be  cleaned  after  every  charge,  and 
the  pan  should  be  washed  as  free  from  mercury  as  possible, 
before  adding  a  new  charge  of  it  The  iron  of  the  shoes  and  dies 
of  the  pan  is  necessarily  more  or  less  abraded  by  grinding,  and 
corroded  by  the  ore  and  chemicals  introduced  ;  this  grinding  and 
corrosion  will  sometimes  amount  to  about  10  lb.  for  one  ton  of 
ore. 

A  large  number  of  chemicals  are  employed  partly  to  produce 
chemical  reactions,  and  partly  to  keep  the  mercury  bright,  and 
thus  to  assist  the  amalgamation.  The  idea  of  using  them  was 
taken  from  the  Mexican  patio  process,  which  was  at  first  used  in 
Colorado,  but  was  afterwards  abandoned.  These  chemicals  were, 
in  the  earlier  stages  of  the  process,  known  as  “  doctor’s  stuff,”  and 
consisted  of  sage  tea,  tobacco  juice,  urine,  and  almost  everything 
which  ignorance  or  charlatanism  could  devise,  and  which  could 
have  no  possible  influence  on  the  charge,  in  order  to  give  some 
stamp  of  originality  to  the  process  used  by  the  individual  who 
invented  it.  The  chemicals  which  are  now  used  are  salt,  lye, 
nitre,  cyanide  of  potassium,  lime,  “  blue  stone,”  or  sulphate  of 
copper,  sulphuric  acid,  and  sodium  amalgam.  They  are  some¬ 
times  introduced  with  the  ore,  when  it  is  very  refractory,  and  are 
intended  to  produce  chemical  changes  in  it,  and  sometimes  are 
added  only  with  the  mercury^  as  with  ores  which  are  easily 
treated,  when  their  principal  object  is  to  keep  the  mercury  clean 
and  bright,  and  only  incidentally  to  produce  a  decomposition  in 
the  ore.  There  does  not  seem  to  be  any  definite  rule  in  this 
respect,  for  many  mills  with  refractory  ores  do  not  charge  the 
chemicals  until  after  the  mercury,  and  some  with  light  ores 
charge  them  with  the  ore.  The  quantity  used  varies  at  different 
times  and  in  different  mills,  from  1^  lb.  to  3  lb.  or  more  for  each 
charge  of  ore  according  to  the  richness  of  the  ore.  At  the 
California  Mill  12  lb.  to  241b.  of  salt  and  4  lb.  to  8  lb.  of  blue 
stone  are  used.  At  the  Consolidated  Virginia  Mill  6  lb.  of  salt  to 
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the  ton  i,  introduced  with  the  charge,  and  twenty  minute,  after- 
wards  d  lb.  of  blue  stone  to  the  ton.  At  the  Eureka  Mill  1  lb  of 
sulphate  of  copper  perton  of  ore  is  introduced  with  the  charge.  At 
the  Brunswick  II. 11  a  handful  of  salt  and  a  dipperful  of  sulphate  of 
copper  »  used.  At  Stewarts  Mill  1}  pints  of  a  solution  of  32  lb 
of  sulphate  of  copper,  C  lb.  of  lye,  and  4  lb  of  nitre,  dissolved  in 
12  gallons  of  water,  is  charged  immediately  after  the  mercurv  is 
put  in.  At  Judd  and  Crosby's  Mill  5  per  cent,  of  salt  for  60  07. 
oreand  10  percent,  for  200  o*  ore,  is  put  in  at  the  commence¬ 
ment  At  the  Nederland  Mill  one  gallon  of  lime  water  is 
introduced  into  the  pan  before  the  charge.  If  it  is  found  that 
there  is  too  much,  its  effect  is  afterwards  counteracted  by  a  weak 
solution  of  sulphuric  acid.  When  salt  is  added  it  Is  generally 
charged  with  the  ore,  the  amount  varying  from  5  to  lO^per  cent. 
When  gold  ores  containing  tellurium  are  added  to  the  silver  ores, 
14oz.  of  nitrate  of  mercury  arc  sometimes  used  for  1001b.  of  ore. 
The  average  fineness  of  bullion  produced  under  the  most  favour¬ 
able  circumstances,  having  been  once  established,  the  quantity  of 
chemicals  to  be  added  will  be  determined  by  the  increasing  or 
diminishing  of  the  fineness  of  the  bullion.  The  use  of  “  blue 
stone  ”  may  almost  be  said  to  be  a  fashion,  and  at  times, 
establishments  for  manufacturing  sulphate  of  copper  have  been 
able  to  make  veiy  large  profits,  while  at  others  they  made  none 
at  all,  there  seeming  to  be  no  fixed  rule  as  to  whether  more  or 
less  sulphate  of  copper  should  or  should  not  be  used,  except  that 
more  should  be  used  with  very  base,  and  also  with  very  high 
grade  ores,  than  with  ordinary  ones.  The  free  use  of  chemicals 
*s  a  decided  advantage.  When  used  with  discretion,  in  the  treat¬ 
ment  of  the  ore,  slimes,  and  tailings,  the  yield  counted  on  the  ton 
of  ore  can  sometimes  be  brought  up  to  9G  and  98  per  cent,  when 
without  them  it  would  not  be  over  80  to  85  per  cent,  which  is  the 
pan  yield  of  the  Consolidated  Virginia  The  more  rebellious  the 
ore,  the  greater  the  need  of  them,  but  they  should  be  used 
rationally,  and  their  effect  checked  by  frequent  assays  of  the 
pulp  to  ascertain  it.* 

*  In  chapter  v.  of  vol.  iii.  of  the  “  Report  of  the  United  States  Surrey  of 
the  Fortieth  Parallel,”  Mr.  A.  Hague  lms  inade  an  elaborate  report  of  his 
investigations  on  the  chemistry  of  the  pan  process,  to  which  those  interested 
in  the  subject  would  do  well  to  refer. 
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It  appears,  as  the  result  of  experience,  that  salt  and  sulphate 
of  copper  are  the  most  important  chemicals  to  be  used ;  in  most 
mills  they  are  the  only  ones  used.  Salt  is  generally  added 
with  the  ore.  Sulphate  of  copper  is  added  when  the  pan  is 
at  its  full  heat,  or  about  fifteen  minutes  after  the  charge  is 
introduced.  It  is  established  that  a  high  yield  of  ore  cannot  be 
had  without  the  liberal  use  of  chemicals,  and  that  all  except 
those  intended  to  save  mercury  should  be  introduced  at  the  com¬ 
mencement.  The  chief  influence  of  salt  is  to  form  chloride  of 
silver  from  the  decomposition  of  the  sulphides,  and  this  is  very 
desirable,  as  this  salt  is  very  easily  decomposed  by  mercury. 
When  sulphate  of  copper  is  present,  it  produces  besides,  chloride 
of  copper,  which  the  iron  partly  reduces  to  sub-chloride ;  both 
these  chlorides  act  on  the  blende  and  galena,  and  prevent  the 
lead  and  zinc  from  passing  into  the  amalgam.  The  sulphate  of 
copper  is  useful  indirectly  in  the  production  of  chlorides,  and 
also  directly  to  decompose  the  galena  and  blende  which  would 
soon  make  the  mercury  sluggish  if  their  action  was  not  counter¬ 
acted.  The  lead  is  transformed  into  an  insoluble  sulphate,  and 
the  metallic  copper,  set  free,  amalgamates  and  aids  the  action  of  the 
mercury.  The  fine  particles  of  iron  removed  from  the  pan  by  the 
process  of  grinding  and  brought  into  the  pan  from  the  stamps, 
assist  in  the  decomposition  of  any  undecomposed  sulphide  which 
may  be  there,  and  aid  in  the  decomposition  of  the  chlorides  of 
mercury  and  silver.  It  thus  not  only  saves  mercury  by  the  decom¬ 
position  of  the  salts  formed,  but  also  keeps  it  bright.  Sodium 
amalgam  is  used  to  prevent  the  flouring  of  the  quicksilver,  oc¬ 
casioned  by  the  presence  of  binoxide  of  manganese  in  the  ore. 
The  loss  of  iron  in  the  batteries  varies  from  2  lb.  to  3  llx  per  ton 
of  ore ;  in  the  pan  it  varies  from  7  lb.  to  10  lb.,  so  that  the  total 
amount  of  iron  in  the  pan  in  a  state  to  produce  these  reactions, 
will  be  19  lb.  to  23  lb.  per  ton  of  ore,  the  largest  amount  being 
with  roasted  ore.  In  order  to  save  the  action  on  the  pans,  from 
10  lb.  to  20  lb.  of  iron  turnings  are  sometimes  added  to  the 
charge ;  it  is  undoubtedly  one  of  the  mast  powerful  agents  in 
helping  the  action  of  the  mercury. 

The  method  of  discharging  the  pan  differs  in  different  mills,  but 
only  with  regard  to  the  collection  of  the  mercury.  In  some  mills 
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in  Colorado  and  elsewhere,  five  to  ten  minutes  after  the  pulp  is 
thinned,  while  the  pan  is  full  of  water,  before  the  discharge  of 
any  of  the  pulp,  the  mercury  is  drawn  into  an  iron  box,  12  in. 
square,  or  into  an  iron  kettle,  by  means  of  an  india-rubber  tube 
permanently  attached  to  an  iron  pipe  cast  on  the  bottom  of  the 
pan,  and  which  during  the  working  is  tied  to  its  side.  The  pulp 
is  then  discharged  into  the  settler,  clear  water  running  into  the 
pan  during  the  discharge,  which  takes  about  ten  minutes. 

In  this  case  there  are  always  about  50  lb.  to  CO  lb.  of  mercury 
remaining  in  the  pan,  but  as  what  remains  is  used  in  the  next 
charge,  no  mercury  is  lost  from  this  cause.  Nine-tenths  of  tho 
mercury  leaving  the  pan  is  caught  in  the  discharge  box,  the  rest 
runs  into  the  settler.  In  some  cases  the  whole  contents  of  the  pan 
is  discharged  into  the  settler.  Generally  about  a  quarter  of  an  hour 
before  discharging,  the  speed  of  the  muller  is  reduced  to  about  forty 
revolutions.  Water  is  introduced  so  as  to  fill  the  pan  almost  to  the 
top.  This  is  done  to  cool  down  the  pulp,  and  at  the  same  time  thin 
it  so  that  the  mercury  can  settle,  clean  water  running  in  as  the  pulp 
discharges  into  the  settler.  If  there  is  a  mercury  discharge  in  the 
bottom  of  the  pan,  most  of  the  mercury  is  found  there.  It  takes 
about  half  an  hour  to  discharge  the  pan  in  this  way,  and  get  it 
ready  for  a  fresh  charge.  The  amount  of  water  used  is  about  1 G  lb. 
per  minute.  After  a  charge  is  drawn,  the  pan,  more  especially  if 
the  ore  is  likely  to  soil  tho  mercury,  should  be  well  washed  with 
clean  water  to  clear  it  of  any  pulp,  and  also  to  get  as  much  of  the 
mercury  as  possiblo  out  of  the  pan.  It  cannot  all  be  removed 
from  a  flat-bottom  pan ;  there  will  still  remain  from  50  lb.  to 
60  lb.  There  will  bo  some  between  the  dies,  and  some  amalgam 
sticking  to  the  sides  of  the  pan,  to  the  shoes,  and  on  the  muller, 
but  this  is  of  little  consequence,  unless  the  ore  tends  to  soil  the 
mercury.  A  clean  up  of  the  pan  takes  place  in  some  mills  once 
in  two  to  four  weeks,  in  others,  where  the  shoes  and  dies  wear 
rapidly,  only  when  they  arc  to  be  replaced.  In  custom  mills  it  is 
made  after  the  working  of  every  lot  of  ore.  All  parts  of  the  pan 
bottom  are  then  examined,  and  the  shoes,  dies,  and  muller  scraped, 
to  detach  tho  adhering  hard  amalgam.  In  order  to  do  this,  the 
muller  is  loosened  and  raised,  in  the  Wheeler  and  Combination 
pans,  by  the  screw  to  the  top  of  the  shaft,  and  in  the  other  kinds 
2  c  2 


388  Number  of  Men  Required. 

of  pans  it  Ls  lifted  out  by  the  overhead  pulley,  and  is  either 
suspended  or  put  on  the  floor  of  the  pan  room.  The  wings  arc- 
then  removed  If  the  shoes  and  dies  are  worn  out  they  are 
taken  off  and  examined,  and  they  and  the  pan  bottom  arc  carefully 
scraped  and  washed.  The  shoes  and  dies  are  not  removed  for  a 
clean  up,  but  only  when  they  are  worn  out.  The  time  of  doing 
this  work  depends  on  the  case  with  which  the  different  parts  of 
the  pan  can  be  removed  The  method  of  fastening  the  shoes  and 
dies  is  one  of  the  chief  characteristics  of  the  different  pans. 

Experiments  have  shown*  that  the  amalgamation  goes  on 
rapidly  at  first,  and  then  slowly.  In  an  hour  after  charging  the 
mercury,  74.6G  per  cent,  of  the  silver  was  already  acted  on.  At 
the  end  of  the  second,  76.2G  per  cent.;  at  the  end  of  the  third, 
77.74  per  cent.;  and  at  the  end  of  the  fourth  hour,  81.04  per 
cent;  nothing  was  gained  by  prolonging  the  operation  after 
this. 

The  amount  of  amalgam  obtained  from  a  pan  will  vary  with 
the  ore  treated.  In  Colorado  it  ranges  from  20  lb.  to  75  lb.  In 
Nevada  it  is  often  as  low  as  15  lb.,  and  in  many  mills  is  not 
more  than  from  20  lb.  to  30  lb.,  the  amount  obtained  depending 
on  the  time  between  the  clean  ups.  The  pans  never  stop  when 
there  is  ore  to  treat,  except  for  repairs  or  a  clean  up.  Each  pan 
is  arranged  so  that  it  can  be  stopped  when  necessary  indepen¬ 
dently  of  the  others,  so  that  repairs  or  a  clean  up  may  be  made,  if 
desired,  on  one  pan  at  a  time.  'The  false  bottoms  of  the  pans  wear 
about  a  year.  They  are  always  made  separate  from  the  sides,  which 
wear  very  little,  and  are  bolted  on,  so  that  they  may  be  changed 
when  necessary. 

In  the  Brunswick  and  Eureka  Mills  the  shoes  and  dies  wear 
only  thirty  days.  At  Stewarts  Mill  they  are  removed  when  the) 
wear  down  to  \  in.  They  have  to  be  removed  every  three  or 
four  months.  At  the  Nederland  Mill  they  wear  five  months. 
The  whole  pan  must  be  generally  renewed  once  in  three  years- 
The  amount  of  wrear  on  it  depends  on  the  character  of  the  ore 
treated. 

In  the  Brunswick  Mill  the  power  is  communicated  to  the  pans 
by  a  belt  1 1  in.  wide,  running  over  a  wooden  wheel  on  the  cam 
*  Tran*.  Am.  In*t.  Min.  Eng.,  vol.  xL,  p.  104. 
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shaft,  6  in.  in  diameter.  These  belts  are  always  under  the  pan 
floor  so  as  to  be  out  of  the  way. 

At  the  Eureka  Mill  it  takes  six  men  per  shift  of  twelve  hours 
to  work  the  twenty-six  pans.  At  Stewarts  Mill  there  are  seven 
men  in  twenty-four  hours  for  twelve  pans ;  one  head  amalgamator, 
one  carman,  one  labourer,  and  two  men  per  shift  at  the  pans  in 
twenty-four  hours.  Occasionally  when  the  work  presses,  the  shifts 
are  made  eight  instead  of  twelve  hours.  At  the  Brunswick  Mill  four 
men  are  required,  two  on  a  shift  for  the  pans  and  settlers.  In  Judd 
and  Crosby’s  Mill  two  men,  one  amalgamator,  and  one  helper,  per 
shift  of  twelve  hours,  do  the  work  of  the  four  pans  and  two 
settlers.  In  the  arrangement  of  the  mill,  one  settler  is  provided 
for  two  pans.  At  the  California  Mill,  which  has  forty  pans 
running  on  ore  and  four  on  tailings,  there  are  in  twenty-four 
hours,  six  amalgamators,  twenty  slime  shovellers,  two  men  re¬ 
pairing  the  pans,  two  men  to  work  the  amalgam. 

Generally  two  pans  discharge  together  into  one  settler,  but 
sometimes  only  one  at  a  time  is  discharged,  which  is  not  a  good 
plan,  as  it  reduces  the  time  of  settling  one  half.  The  discharge 
sluice  from  the  pan  runs  under  the  floor  of  the  pan  room  into  the 
settler.  At  Stewart’s  Mill  this  sluice  is  riffled,  and  some  mercury 
is  caught  in  these  riffles. 

The  Table  below  gives  the  number  of  pans,  &c.,  used  in  the 
different  mills. 
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The  Settler. 


The  number  of  pans  required  in  wet  crushing  is  generally  two 
to  three  for  every  battery  of  five  stamps ;  in  dry  crushing  two  arc 
sufficient,  except  in  the  case  of  very  small  pans. 

The  settler,  Fig.  161,  is  sometimes  only  a  wooden  tub  8  ft  to 
9  ft  in  diameter.  Generally  it  has  revolving  arms,  a  cast-iron 
bottom,  and  wooden  or  sheet-iron  sides.  The  wheel  which  raises 
and  lowers  the  muller  should  be  right-handed,  as  that  is  much 
more  convenient  in  case  a  belt  slips,  but  wThen  the  muller  drags, 
the  power  used  on  the  w  heel  helps  to  move  it  It  is  9  ft  in 
diameter  at  the  Eureka  Mill,  10  ft  at  the  Brunswick,  and  3  ft 
deep,  having  either  a  fiat,  or.  more  frequently,  a  more  or  less 


conical  bottom  with  agitators.  At  the  Manhattan  Mill,  where 
there  is  a  settler  for  each  pan,  they  are  only  3  ft  in  diameter. 
Its  construction  is  similar  to  that  of  the  pans,  except  that  it  is 
larger  and  has  no  dies.  It  has  four  arms  or  sweeps  bolted  on  to 
the  driving  cone,  to  each  of  which  two  adjustable  wooden  shoes, 
shaped  like  cultivator  shares,  are  attached,  which  reach  to  within 
3  in.  of  the  bottom,  and  plough  up  the  sand  as  it  settles.  The 
shoes  last  from  one  to  six  months.  They  are  always  kept  at 
the  same  height,  except  when  a  pan  is  broken,  wben  its  contents 
are  discharged  into  the  settler,  the  shoes  lowered,  and  the 
charge  finished  there.  The  charge  from  the  pan  fills  the  settler 
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about  one  quarter  full.  In  the  bottom  there  U  a  groove  which 
commences  at  the  centre,  and  is  3  in.  wide  and  2  in.  deep  at  the 
circumference.  This  connects  by  a  U-in.  pipe  with  a  bowl  „ 
Fig.  161,  bolted  on  the  bottom  of  the  side  to  receive  mc-rcurv  and 
amalgam  forced  into  it  by  the  pressure  of  the  water. 

It  has  three  discharge  holes  6  at  different  heights  They  are 
placed  inclined  on  the  sides  and  not  directly  one  above  the 

other.  These  holes  are  closed  with  wooden  plugs.  The  bottom  of 

the  settler  is  sloped  i  in.  in  every  direction  towards  the  mercury 
bowl.  As  soon  as  all  the  charge  is  out  of  the  pan  the  settler 
18  filled  with  water  to  within  6  in.  of  the  top,  and  the  agitators 
made  to  revolve  at  the  rate  of  ten  to  fifteen  revolutions  a  minute 
When  the  ore  is  very  coarse,  twenty  revolutions  are  sometimes 
made ;  but  the  faster  it  revolves  the  greater  the  loss  in  mercury 
will  be.  As  it  is  desirable  to  have  the  water  discharged  in 
small  streams,  it  is  introduced  from  a  pipe  with  fine  holes.  In 
the  Brunswick  Mill  this  pipe  is  1  j  in.  in  diameter,  and  runs  to 
the  centre  of  the  pan.  Fine  holes  1  in.  or  less  apart  are  bored 
on  the  under  side,  so  that  the  water  entering  the  settler,  falls  in 
small  streams,  which  are  equally  distributed  over  the  surface. 
The  settler  can  be  filled  as  rapidly  in  this  way  as  when  discharging 
from  the  end  of  a  pipe.  It  has  been  found  that  the  fine  rain, 
under  a  certain  pressure,  produced  in  this  way,  has  a  very 
decided  effect  in  settling  the  mercury.  A  settler  8  ft  in  diameter 
will  weigh  7000  lb. 

When  the  settler  is  full,  the  water  is  turned  off.  The  arms  of 
the  settler  are  at  first  raised  8  in.  above  the  bottom,  and  kept  so 
for  about  half  an  hour ;  they  are  then  gradually  lowered  until 
they  get  near  the  bottom,  which  takes  about  two  hours.  The 
reason  why  the  arms  are  raised,  is  that  at  the  time  of  charging 
the  settler,  the  pan  is  running  slow,  and  if  the  anus  were  down, 
they  might  break  oft'  under  the  weight  of  the  charge.  The  object 
of  revolving  the  arms  is  to  keep  the  light  particles  of  ore  afloat, 
and  facilitate  the  settling  of  the  amalgam  and  quicksilver.  Tho 
anns  are  kept  revolving  for  at  least  an  hour,  and  generally  for 
about  3£  hours,  with  the  settler  full.  During  this  time,  the  , 
mercury  collects,  and  a  considerable  part  of  the  flour  is  reduced. 
The  top  discharge  plug  is  then  removed,  and  clean  water  is 
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allowed  to  flow  rapidly  and  freely  through  it  for  half  an  hour, 
the  arms  being  kept  in  motion.  The  next  plug  is  then  removed, 
and  so  on.  The  whole  operation  lasts  from  four  to  five  hours,  or 
the  same  time  as  the  work  of  the  pan,  the  work  in  the  settler 
being  continued  so  as  to  reach  the  bottom  in  time  for  the 
discharge  of  the  next  pan.  It  is  necessary  that  the  amount  of 
water  should  be  carefully  regulated,  for  if  the  pulp  is  too  thick 
the  metal  will  not  settle.  If  it  is  too  thin  the  ore  will  settle 
with  the  metal,  and  the  separation  will  not  take  place.  The 
same  is  true  with  regard  to  the  speed  of  motion ;  for  if  the 
motion  is  too  rapid  the  mercury  will  remain  suspended,  and 
if  it  is  too  slow  the  sand  will  settle.  The  settlers  should  never 
bo  allowed  to  become  clogged  by  the  accumulation  of  heavy 
materials  on  the  bottom,  but  should  always  be  cleared  if  there  is  a 
disposition  for  them  to  collect  there.  This  condition  will  not  be 
helped  by  an  excessive  use  of  water,  for  after  a  certain  amount 
of  it  has  been  added,  even  though  the  heavy  pulp  be  kept  in 
suspension,  the  mercury  sinks  to  the  bottom.  It  takes  from 
fifteen  minutes  to  half  an  hour  to  empty  the  settler.  When  it  is 
discharged  by  the  last  side  hole,  there  will  be  about  8  in.  on  its 
bottom.  A  fresh  charge  from  the  pan  is  run  into  it,  and  agitated 
for  about  half  an  hour  without  any  water,  as  the  hot  pan 
charge  will  collect  and  carry  the  heavy  sand.  Water  is  then  added, 
as  has  been  determined  by  experience,  or  may  be  determined 
by  a  horn  spoon  assay.  Under  these  conditions  the  settler  will 
not  clog.  When  the  operation  is  properly  performed  there 
is  no  dange-r  of  the  settler  being  choked  with  sand.  The 
amount  of  water  used  is  alxmt  9  lb.  a  minute.  There  will  be 
found  on  the  Ijottom,  when  it  is  discharged,  some  coarse  sand, 
sulphurcts,  fine  iron  from  the  stamps  and  pans,  and  some  mercury 
and  amalgam.  There  is  always  at  least  100  lb.  of  mercury  in 
the  mercury  receiver.  The  discharge  of  the  mercury  and  amalgam 
is  made  either  by  loosening  the  plug  in  the  bottom  of  the 
mercury  receptacle,  and  allowing  it  to  flow  into  an  iron  vessel 
containing  somo  water,  by  dipping  it  out  of  the  receptacle,  or  by 
a  syphon  in  the  bottom  of  it,  which  allows  the  mercury  to  flow 
continuously  as  it  accumulates.  This  last  is  the  best  disposition. 

In  somo  of  the  modern  settlers,  there  is  no  mercury  bowl  on 
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the  outside,  but  only  a  slight  depression  on  the  inside  of  the 
settler,  toward  which  the  bottom  slopes  in  every  direction.  In 
the  bottom  of  this  depression  an  inverted  syphon  is  placed,  from 
which  the  mercury  discharges  as  it  collects. 

The  settlers  are  thoroughly  cleaned  once  a  week,  by  which 
time  300  lb.  to  400  lb.  of  mercury  and  amalgam  have  accumulated, 
all  the  iron  being  carefully  scraped  to  remove  it.  When  any 
woodwork  is  connected  with  it,  the  wood  is  never  thrown  away, 
but  is  always  burned  in  a  retort,  in  order  to  collect  the  mercurv 
and  amalgam  which  always  penetrates  the  pores.  There  is  gene¬ 
rally  one  settler  for  every  two  pans. 

From  the  settler  the  sluice  runs  to  an  auxiliary  settler  called 
an  agitator,  Fig.  162,  or  dolly  tub,  of  which  there  are  generally, 


in  large  mills,  one  for  every  five  or  six  settlers.  They  are  made  of 
wood,  and  are  from  8  ft.  to  15  ft.  or  20  ft  in  diameter,  and  from 
2$  ft.  to  4  ft.  deep.  They  have  four  iron  arms  working  on  a  cast- 
iron  cone  bolted  to  the  bottom,  with  six  to  eight  wooden  uprights, 
which  reach  nearly  to  the  bottom  of  the  pan,  and  which  make 
from  ten  to  twenty  turns  a  minute.  A  constant  supply  of  w ater 
must  be  kept  in  the  agitators.  A  coarse  sand  accumulates  here, 
containing  a  small  quantity  of  mercury,  amalgam,  and  sulphurets, 
and  considerable  iron.  The  assay  value  of  the  material  collected 
is  generally  less  than  that  of  the  ore,  but  greater  than  that  ol 
the  tails.  The  agitator  is  not  now  very  much  used  except  in  er) 
large  mills,  and  in  many  of  these  some  kind  of  concentrator,  or  a 
special  settler,  supposed  to  be  specially  adapted  to  that  peculiar 
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ore  is  used  in  place  of  it.  The  practice  in  Colorado  is  to  run  tho 
material  from  the  agitator  over  copper-plated  sluices,  75  ft.  to 
100  ft.  long,  having  riffles  every  3  ft.,  and  then  through  Hendy’s 
concentrators,  which,  on  the  whole,  have  not  given  very  good 
results,  as  they  arc  applicable  to  ores  containing  a  large  quantity 
of  heavy  sulphurets,  and  which  contain  so  much  slime,  that  they 
coat  the  mercury  and  prevent  its  collecting.  They  work  suc¬ 
cessfully  in  California  on  ore  adapted  to  them.  In  Nevada  the 
tails  from  the  agitators  usually  run  over  blanket  sluices,  but  the 
material  is  so  poor  they  are  sometimes  not  washed  oftener  than 
once  a  week.  The  material  discharging  from  the  agitators  is 
called  tailings.  That  which  discharges  from  the  slime  vats  is 
called  the  battery  slimes.  These  last,  when  collected,  are  treated 
in  the  pans  like  the  ore.  At  Stewart’s  Mill  the  tails  are  run  over 
riffled  sluices  and  amalgamated  plates.  From  30  lb.  to  40  lb.  of 
mercury  a  week,  which  contains  but  very  little  silver,  are  collected 
in  them.  The  tailings  from  this  mill  average  25  oz.  of  silver.  Tho 
lowest  tailings  with  the  best  working  are  never  below  15  oz.  to 
10  oz.  While  the  Stetefeldt  and  Airey  furnaces  were  being  used, 
they  averaged  40  oz.;  and  when  they  were  re- roasted  and  re-treated, 
only  25  per  cent,  of  this  was  recovered,  and  as  this  did  not  pay, 
the  furnaces  were  abandoned,  and  tho  reverberatory  furnaces  now 
used,  built.  Before  this  mill  was  burned,  the  Hunt  and  Douglas 
process*  was  introduced  to  save  the  copper,  and  increase  the 
yield  of  silver.  At  the  Consolidated  Virginia  the  tails  run  over 
blanket  sluices,  six  sluices  wide,  and  1100  ft.  long.  They  have  a 
fall  of  h  in.  to  the  foot.  At  tho  Brunswick  Mill  the  tails  run 
over  blanket  sluices  which  are  26  in.  wide  and  400  ft  long. 
There  are  eight  abreast,  but  only  seven  are  worked  at  a  time. 
They  are  divided  into  two  divisions,  each  200  ft.  long.  They  are 
both  washed  every  six  hours,  and  each  has  two  men  to  do  the 
work.  The  four  men  collect  5  tons  of  sulphurets  in  twenty -four 
hours.  For  the  slimes  there  are  eight  slime  vats,  which  are  worked 
four  at  a  time.  The  slimes  are  worked  exactly  as  the  ore  is,  but  are 
kept  separate  from  it,  as  there  is  not  so  much  gold  in  them  as  in 
the  ore.  Buddies  and  Fruo  Vanncrs  are  also  used  to  concen¬ 
trate  the  tails.  The  following  Table  gives  the  total  quantity  of 
*  Engineering,  vol.  xxii.,  pp.  419,  437. 
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material  consumed  in  the  process  at  the  Tombstone  Mill  and  the 


cost  per  ton  of  pulp  treated  for  the 

Cost  of  fuel  . 

Chemicals  . 

Illumination . 

Lubrication . 

Castings 

Hardware  . 

Tools 

Sundries  . 

Labour  . 

Total 

Quicksilver,  lb. 

Salt,  lb . 

Blue  stone 
Cords  wood  ... 

Days’  labour . 


year  1882-3. 


Total. 

Per  Ton. 

822,838.50 

81.00 

13,624.79 

0.04 

729.49 

0.03 

845.02 

0.04 

C, 757.06 

0.31 

555.02 

0.03 

240.42 

0.01 

3,018.03 

0.14 

56,892.43 

2.05 

8105,501.42 

84  91 

21,029 

81.00 

110,094 

5.12 

22,360 

1.04 

2,526{ 

0.12 

13,0111 

0.00 

The  quantity  of  quicksilver  here  given  is  that  which  was 
milled  during  the  year  without  taking  account  of  what  was  in 
the  pans  in  the  beginning  and  end  of  the  twelvemonth,  and  as 
there  has  been  a  reduction  in  quantity  of  ore  the  amount  given 


per  ton  is  undoubtedly  too  low. 

All  the  mercury  collected  from  the  pans  and  settlers  is  care¬ 
fully  washed  and  strained  through  a  canvas  bag  to  remove  as 
many  impurities  as  possible,  and  is  then  again  strained.  All  the 
amalgam  collected  from  the  shoes,  dies,  and  elsewhere,  is  cleaned 
in  a  Knox  pan,  which  is  an  iron  pan  with  wooden  shoes  with 
handwheels  like  an  ordinary  pan.  The  amalgam  is  washed 
with  an  excess  of  mercury,  and  the  mullcr  is  raised  or  lowered 
according  as  the  particles  must  be  brightened  or  not.  They  vary 
in  size  from  30  in.  to  4  ft.  and  weigh  from  1500  lb.  to  3000  lb. 

The  bags  for  straining  the  mercury  are  generally  made  of  cotton 
duck,  either  sewed  directly  on  to  an  iron  ring  as  in  most  of  the 
mills  in  California  and  Nevada,  or  attached  to  leather  sewed  to 
the  ring  as  in  some  of  the  mills  in  Colorado*  At  the  Bodie  Mill 
the  strainers  are  made  of  Canton  flannel.  These  bags  are  from 
10  in.  to  12  in.  in  diameter  at  the  top,  and  from  24  in.  to  28  in. 
long.  They  often  hold  as  much  as  1200  lb.  of  amalgam.  The 


*  Pago  342. 
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weight  of  the  mercury  is  always  sufficient  to  make  a  preliminary 
straining  without  its  being  touched  They  are  set  in  a  hole  cut 
either  in  a  table,  Fig.  163,  or  in  boxes  prepared  for  the  purpose, 
which  were  formerly  always  left  open,  but  are  now  arranged  so 
that  they  can  be  locked,  Figs.  164-6,  which  is  the  best  disposition. 


Fig.  163. 


At  Judd  and  Crosby’s  Mill  the  mercury  is  dipped  out  of  the 
mercury  receiver  of  the  settler  with  a  cup  once  in  two  days,  as  it 
accumulates,  and  the  plug  drawn  once  a  week  to  discharge  the 
mercury ,  which  is  carried  in  small  pails  to  the  strainer.  In  the 
Eureka  Mill  a  canvas  cloth  curtain  of  the  inside  diameter  of 
the  tub  is  attached  to  the  under  side  of  the  table,  and  falls 
nearly  to  the  bottom  of  the  receptacle,  to  insure  that  no 
mercury  will  be  lost.  At  the  Brunswick  Mill  all  the  mercury 
and  amalgam  from  the  settlers,  flow  into  a  locked  tank,  called  a 
meicurv  safe,  6  ft.  by  4  ft  and  ]  ft  deep,  which  has  6  in.  of  water 
on  the  bottom.  The  excess  of  mercury  flows  off  by  the  pipe  a, 
^  if?*  1 94,  in  the  side  of  the  bottom  of  the  safe,  and  is  collected 
m  a  receiver  at  a  lower  level.  At  this  mill  there  is  one  box 
between  e\ery  two  settlers.  The  upper  part  has  an  opening  just 
large  enough  for  the  men  to  pour  in  the  mercury,  but  only  the 
amalgamator  opens  the  lid  to  work  the  amalgam.  When  the 
table,  Jig.  163,  is  used  the  bags  reach  down  nearly  to  the  bottom 
of  an  iron  vessel,  placed  on  the  floor,  about  18  in.  high  and 
18  in.  in  diameter,  set  inside  one  20  in.  high  and  20  in.  in 
diameter,  lliese  safes  were  formerly  made  of  wood,  as  shown  in 
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Fig.  1G4.  but  as  wood  is  always  objectionable  where  a  large 
quantity  of  mercury  comes  in  contact  with  it,  the  top  and 


bottom  arc  now  made  of  cast  iron,  Figs.  165  and  166.  The  top 
of  the  safe  is  placed  below  the  syphon  discharge  of  the  settler  and 
receives  through  the  opening  in  the  cover,  all  the  mercury  and 
amalgam.  The  amalgam  remains  on  the  strainer.  The  excess  of 
mercury  runs  through  and  flows  to  the  mercury  collecting  tank. 
Fig.  165  shows  the  ordinary  safe  as  now  constructed,  and  Fig.  166 
one  for  providing  for  the  mercury  when  there  is  likely  to  bo 
an  excess  of  it  by  introducing  a  side  opening  a.  All  the  mercury 
and  amalgam  collected  in  the  kettles  from  the  pans  and  settlers 
are  poured  into  this  canvas  strainer,  which  is  filled  nearly  to 
the  top.  In  some  of  the  Comstock  mills,  hydraulic  strainers,  with 
a  pressure  of  100  lb.  to  125  lb.  to  the  square  inch,  are  used ;  they 
effect  a  great  saving  in  fuel  in  the  retorting.  The  ordinary 
amalgam  from  the  canvas  bags  contains  about  seven  parts  of 
mercury  for  one  of  bullion ;  that  from  the  press  contains  only 
three  and  a  half.  The  practice  of  straining  hot,  which  was  for¬ 
merly  used  to  separate  lead  amalgam,  is  now  gcnerall)  almndoncd. 

Whatever  may  be  the  arrangements  for  using  and  collecting 
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the  mercury,  it  is  lost  both  mechanically  and  chemically.  The 
whole  of  this  loss  cannot  be  avoided,  but  a  very  large  part  of  it 


can  be.  By  far  the  greater  loss  is  mechanical.  The  ground 
under  some  of  the  old-fashioned  mills  was  richer  in  mercury  than 
a  quicksilver  mine.  Independent  of  the  carrying  of  the  same 
mercury  so  often  by  hand,  and  the  constant  liability  of  loss  from 
the  careless  handling  of  large  quantities  of  such  a  heavy,  volatile, 
and  mobile  liquid,  which  pulverises  easily  and  attaches  itself  to 
almost  everything,  common  prudence  should  protect  the  men 
from  the  constant  danger  to  which  they  are  subjected  in  handling 
it.  Many  devices  have  been  invented  to  remedy  the  difficulty. 
The  makeshifts  at  first  adopted  proved  more  expensive  than  the 
mercury  saved  by  them.  Mercury  elevators  were  first  used, 
consisting  of  a  belt  like  an  ordinary  bucket  elevator,  but  with 
cups  of  a  peculiar  shape  adapted  to  carrying  the  quicksilver 
attached  to  it.  This  elevator  was  enclosed  in  a  sheet -iron  box. 
The  lower  end  of  this  box  is  a  tank  which  receives  the  excess 
of  mercury  from  the  pans  at  the  upper  part.  This  mercury  is 
discharged  into  a  tank,  from  which  it  runs  to  every  part  of  the 
mill.  Pumps  have  almost  entirely  taken  its  place-  Two  ex¬ 
amples  are  given,  one  showing  the  general  arrangement  at  the 
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Consolidated  Virginia  Mill,  and  the  other  showing  the  details  of 
the  pumps. 

At  the  Eureka  Mill,  from  the  bottom  of  the  receiver  an  inch  pipe 
connects  the  receiver  boxes  of  the  twelve  bags  with  a  cast-iron 
receptacle,  16  in.  by  30  in.  and  12  in.  deep,  which  always  has  f  in. 
of  water  on  the  bottom,  to  prevent  spattering.  The  tank  con¬ 
nects  by  a  pipe  with  an  ordinary  force  pump  which  lifts  all  the 
mercury  from  the  lowest  level  in  the  mill  into  a  receiving 
reservoir  2  ft.  by  4  ft.  and  14  in.  deep,  which  is  2  ft.  above  the 
highest  point  where  mercury  is  used,  which  distributes  the 
mercury  to  all  the  pans.  From  the  main  tank  it  runs  by  gravity 
through  a  f  in.  pipe  to  small  tanks  12  in.  by  12  in.,  and  holding 
from  300  lb.  to  350  lb.  of  mercury— there  being  one  for  ever}' 
two  pans — each  having  three  holes,  the  centre  one  bringing  the 
supply  of  mercury  from  the  tank,  the  others,  one  on  each  side, 
leading  to  the  pans. 


The  charge  of  mercury  is  gauged  by  a  ring  which  slips  up  and 
down  on  the  circumference  of  the  supply  pipe.  When  the  charge 
of  pulp  is  put  into  the  pan,  the  two  side  holes  leading  into  them  are 
closed  by  a  plug  of  wood  about  14  in.  long,  and  the  centre  supply 
hole  opened  by  the  removal  of  its  plug,  until  the  mercury  nses  to 
the  level  indicated  bv  the  uau<xe.  The  suppl}  is  then  cut  off  an  1 


which  distribute  the  mercury  from  e, 
situated  above  the  pans.  There  is  one 
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This  arrangement  is  shown  in  the  section  and  plans  in  Figs.  171 
and  172.  Fig.  171  shows  the  section;  A  is  the  standard  on 


which  the  tank  g  is  supported  ;  B  is  the  supply  pipe  connecting 
with  the  pipes  /.  In  Fig.  172,  a  is  the  plan  of  the  top  of 
the  reservoir  g ;  b  is  the  side  elevation  showing  the  reservoir  g 
slightly  larger  at  the  top  than  at  the  bottom,  and  c  is  the  plan  at 
the  bottom.  The  mercury  is  supplied  to  each  of  the  pans  by  the 
pipes  h,  Figs.  1G7  and  172,  of  which  there  is  one  for  each  pan.  The 
mercury  and  amalgam  from  two  pans  is  washed  into  one  settler  b, 
and  collects  on  the  outside  bowl,  from  which  it  flows  by  the 
pipes  m,  which  are  slightly  elevated  to  counteract  the  pressure  of 
the  charge  into  an  iron  amalgam  receiver  n,  the  details  of  which 
are  shown  in  Fig.  170.  This  is  securely  fastened  on  to  the  lid  of 
the  locked  box,  and  below  it  on  the  inside  are  the  conical  canvas 
bags  t.  The  mercury  strained  from  them  is  received  into  the 
tank  u,  and  flows  from  there  by  the  pipes /to  the  lower  reservoir 
c,  from  which  it  is  pumped  up  again,  and  so  on.  When  the 
strainers  are  full  the  amalgam  is  removed  to  be  cleaned. 

The  arrangement  of  the  mercury  pump  in  most  of  the  modern 
mills  is  shown  in  Fig.  173.  The  mercury  and  amalgam  collects 
in  the  settler  bowl  A,  which  connects  by  a  1-in.  pipe  C  with  the 
main  line  of  pipe  D,  connecting  all  the  settler  bowls.  The 
discharge  opening  is  4  in.  above  the  bottom  of  the  bowl  and  1  in. 
above  the  bottom  of  the  inside  of  the  pan.  It  is  closed  by  a 
wooden  plug  B.  The  main  pipe  D  is  1&  in.  in  diameter,  and  has 
an  inclination  of  1  in.  in  4  ft.  It  runs  to  the  line  of  strainer 
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boxes  F,  and  connects  with  them  by  short  1-in.  pipes  E  which 
project  from  the  top  of  the  sheet-iron  lid  /.  These  lids  are 
locked  to  prevent  their  being  opened  except  by  some  authorised 
person.  At  the  end  of  the  main  pipe  there  is  a  small  pipe  d, 
which  is  closed  with  a  stop-cock  and  is  used  for  occasionally 
cleaning  out  the  pipes  when  there  is  necessity  for  so  doing.  The 
strainer  box  F  is  made  of  wood.  It  is  fitted  to  the  top  of  the 
cast-iron  tank  G,  which  is  5  ft  long,  18  in.  -wide,  and  1  ft.  deep. 
It  is  made  for  four  strainers.  Its  bottom  is  connected  with 
the  pump  I  by  the  short  pipe  H.  The  pump  is  placed  over  a 
drip  box  J,  to  catch  any  leakage  which  may  occur.  The  pump 
discharges  through  the  2 -in.  pipe  K,  which  must  be  securely 
fastened  on  account  of  the  jar  to  which  it  is  subjected.  It  dis¬ 
charges  into  the  upper  tank  L,  which  is  a  little  above  the  highest 
level  at  which  mercury  is  to  be  used.  It  is  securely  fastened 
on  a  frame  and  stands  20  in.  above  the  pans.  The  discharge  pipe 
from  the  tank  L  is  1  in.  in  diameter,  and  18  in.  to  20  in.  long. 
The  flow  of  mercury’  is  controlled  by  a  cock  M,  which  is  made  of 
cast-iron  and  has  a  stuffing-box  to  prevent  the  escape  of  mercury 
under  pressure.  From  this  point  to  the  distributing  pipe  N  it  is 
J  in.  in  diameter.  This  pipe  may  be  laid  on  the  floor  in  front  of 
the  pans  and  be  covered  with  a  strip  of  wood  to  prevent  injury. 
It  is  connected  with  the  pan  reservoir  O  by  a  vertical  pipe. 
There  is  one  such  reservoir  to  every'  two  pans.  Where  the  supply 
pipe  enters  the  bottom  of  the  reservoir  O  it  is  enlarged  to  1  in. 
It  is  closed  by  a  w’ooden  plug  P.  The  reservoir  O  is  made  of 
cast-iron  and  is  placed  7  in.  above  the  top  of  the  side  of  the 
pans.  It  is  supported  by  two  1-in.  supply  pipes  Q,  which  are 
screwed  into  the  flanges  R,  which  are  bolted  respectively  to  the 
sides  of  the  pan  which  they  arc  to  supply.  The  supply  of 
mercury  is  regulated  by  marks  on  the  inside  of  the  tank  O. 
When  the  proper  height  is  reached  the  supply  is  cut  off  and  the 
plug  P  withdrawn,  w’hich  allows  the  mercury  to  enter  the  pan. 
The  pump  is  made  of  a  steel  plunger  and  the  packing  of  round 
rubber,  §  in.  thick,  which  is  dropped  into  melted  tallow  and 
wiped  dry  to  prevent  the  use  of  oil  on  the  plunger.  Below  the 
stuffing-box  and  around  the  plunger  there  is  a  hollow  space  into 
which  water  rises  and  makes  a  hydraulic  packing  below  the 
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rubber  one.  A  rubber  gasket  £  in.  thick  is  used  on  the  plugs. 
This  disposition  of  the  pump  with  rubber  valves,  the  plunger 
running  in  a  hydraulic  packing,  effectually  prevents  any  grinding 
of  the  mercury.  The  pump  has  a  stroke  of  5  in.  and  makes  forty 
strokes  per  minute.  It  never  must  be  run  except  when  it  is 
doing  duty  raising  quicksilver. 

All  of  its  movements  after  it  is  once  elevated  to  the  level 
of  the  upper  receiver  are  automatic  until  it  arrives  again  in 
the  collecting  tank,  when  it  is  again  started  upon  its  course 
by  the  pump.  By  this  arrangement  the  mercury  is  never 
touched  by  hand  after  it  is  once  discharged  from  the  ttask. 
It  makes  its  round  without  any  possibility  of  loss,  except 
leakage  in  the  joints  of  the  pipes,  which  can  always  be 
guarded  against.  In  some  mills  in  Colorado  where  there  is 
a  considerable  quantity  of  lead  and  other  impurities  in  the 
mercury,  the  canvas  bag  is  immersed  in  hot  water,  which  is 
kept  hot  with  steam.  The  surface  of  the  amalgam  is  cleaned 
until  it  is  quite  bright.  The  bag  is  then  discharged,  and  its 
contents  strained  a  second  time  in  cold  water.  It  is  claimed  that 
in  this  way  a  considerable  quantity  of  impurities,  more  especially 
lead,  are  removed  from  the  amalgam,  and  the  bullion  made  much 
liner.  The  loss  of  mercury  is,  however,  increased,  as  is  also  the 
danger  of  salivation.  The  skimmings  are  kept  separate,  and 
either  treated  with  acids  or  put  on  one  side  and  treated  alone 
when  there  is  sufficient  for  treatment.  During  all  the  time  the 
mercury  is  being  cleaned,  especially  if  it  is  heated,  the  weight  of 
the  metal  presses  a  certain  quantity  of  it  through  the  pores  of 
the  duck,  and  this  is  caught  in  the  receptacle  below.  When  the 
single  lock  tanks  are  used,  as  at  the  Brunswick  Mill,  the  excess 
of  mercury  runs  out  by  a  pipe  «,  Fig.  164,  which  is  4  ft.  long, 
and  ends  in  a  mercury  collecting  tank.  After  the  mercury  is 
clean  and  when  no  more  runs,  the  bag  is  first  squeezed  with  the 
hand!  and  then  twisted  as  tight  as  possible.  When  no  mercury 
can  be  extracted  from  it  in  this  way  the  bag  is  lifted  out  on  to 
the  table  and  the  contents  emptied.  The  amalgam  is  then 
worked  by  hand,  and  when  no  mercury  can  bo  extracted  from 
it  it  is  made  up  into  balls  of  convenient  size  to  be  retorted.  The 
table  where  the  amalgam  is  worked,  is  covered  with  sheet 
2  D  2 


404 


Cleaning  Amalgam. 


iron.  It  inclines  to  one  side,  from  which  a  pipe  discharges  the  ex¬ 
cess  of  mercury  into  the  main  pipe.  It  is  set  on  an  inclined  floor 
also  covered  with  iron,  which  also  connects  with  the  main  pipe. 

Usually  all  the  amalgam  from  even*  part  of  the  mill  is 
collected  and  put  on  one  side  until  there  is  sufficient  to  clean. 
The  only  base  metals  which  are  generally  found  in  the  amalgam 
are  lead  and  copper.  Iron  is  almost  invariably  found  as  a 
mechanical  mixture.  It  comes  from  the  small  particles  worn 
from  the  stamps  and  the  pans  and  is  not  chemically  combined. 
It  is  easily  separated.  Sulphides  containing  zinc,  antimony,  and 
arsenic  and  some  other  metals  are  also  mechanically  mixed  with 
the  amalgam,  but  they  are  also  easily  separated  by  the  addition 
of  mercury  and  treating  it  in  the  clean-up  pans.  The  amalgam  is 
first  carefully  washed  with  hot  water  to  make  the  amalgam  fluid, 
and  thinned  with  more  mercury,  about  150  lb.  being  added  for 
every  400  lb.  to  500  lb.  of  amalgam,  to  free  it  from  iron  and  other 
impurities.  When  there  is  any  grease  attached  to  it,  it  is  care¬ 
fully  washed  with  lye.  It  is  then,  as  in  some  of  the  mills  in 
Colorado,  strained  through  the  canvas  bag,  or  better,  tvs  is  usual 
in  Nevada,  cleaned  in  a  Knox  pan.  In  the  Brunswick  Mill  there 
are  four  of  these,  each  of  which  is  4  ft  in  diameter;  at  the 
Consolidated  Virginia  there  are  two.  Here  it  is  stirred  at 
the  rate  of  twenty  revolutions  a  minute  for  twelve  hours  or 
less  with  hot  water,  with  largo  additions  of  fresh  mercury,  the 
proportion  at  the  Eureka  Mill  being  equal  parts  of  mercury  and 
amalgam,  and  when  quite  clean  is  added  to  the  mercury  in  the 
cam  as  bags.  The  hard  amalgam  from  the  pans  carries  a  little 
more  gold  than  the  liquid,  but  it  is  not  kept  separate.  At  the 
Brunswick  Mill,  in  the  month  of  August,  1874,  the  clean  up  was 
41 10  J  lb.  of  amalgam  ready  for  the  retort  In  very  large  mills  the 
amalgam  collected  from  the  pans  and  settlers  is  carried  in  iron 
cm's  to  the  retort  room.  The  body  of  the  car  is  made  of  sheet 
iron  with  a  cover  hinged  at  one  end  and  provided  with  a  lock,  so 
that  no  unauthorised  person  can  open  it 

h  rom  the  Knox  pan  there  is  a  certain  amount  of  sulphurets 
running  ofl.  They  are  very  rich,  but  are  not  usually  caught 
separately.  They  generally  go  to  tho  tail  sluices.  At  the  Bruns¬ 
wick  Mill,  however,  as  they  assay  $500  to  the  ton,  they  are 
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caught  separately,  and  are  treated  by  a  process  very  similar  to 
the  patio  process,  though  differing  from  it  in  several  essential 
particulars.  They  are  mixed  with  salt  and  sulphate  of  copper, 
and  dilute  sulphuric  acid.  For  this  purpose  10  per  cent,  of  salt 
and  1  per  cent,  of  sulphate  of  copper  is  added  to  them,  and 
thoroughly  incorporated.  They  are  then  spread  out  on  a  flat 
place  with  an  impervious  floor,  and  sprinkled  with  dilute  sul¬ 
phuric  acid,  and  again  mixed,  the  acid  being  added  until  the 
whole  is  of  the  consistency  of  ordinary  mortar.  This  is  turned 
over  two  or  three  times  a  day  in  order  to  continually  expose  all 
parts  of  it  to  the  air  for  four  weeks.  A  ton  is  then  charged  in 
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the  pan,  and  the  pulp  heated  as  hot  as  the  steam  will  make  it, 
and  ground  for  six  hours.  Five  hundred  pounds  of  mercury  are 
then  added,  and  the  operations  continued  for  four  hours  more, 
making  the  whole  operation  ten  hours.  The  charge  is  then  drawn 
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into  the  settler,  which  is  four  hours  in  discharging,  the  tails 
going  to  the  tails  of  the  mill. 

The  retort.  Figs.  174  to  176,  in  which  the  amalgam  is  treated, 
is  made  of  cast  iron.  Steel  retorts  have  been  used,  but  they  warp 
and  bum  out  quicker  than  cast  iron.  It  Is  cylindrical,  about  12  in. 
to  14  in.  inside  diameter,  4  ft.  to  5  ft.  long,  and  II  in.  thick.  It 
weighs  from  1200  lb.  to  1300  lb.  The  front  is  made  21  in.  longer 
than  the  body,  to  receive  the  door.  Lugs  are  cast  in  the  side  of  this 
projection  to  catch  the  clamps  which  fasten  the  door  G.  When 
the  door  is  closed  and  clamped,  it  is  carefully  luted  with  wood 
ashes,  to  prevent  the  escape  of  the  mercury.  The  opposite  end 
is  conical  in  form,  contracted  to  about  21  in.  where  it  connects 
with  the  exhaust  pipe  c,  which  is  sometimes  screwed  into  it,  or, 
better ,  is  attached  to  it  by  a  flange.  It  is  sometimes  supported  on 
round  or  square  bars,  but  generally  on  pieces  of  iron  K  cast  for 
the  purpose.  In  many  mills  broken  stamp  stems  are  used  for  the 
supports.  At  one  of  the  Tombstone  mills  these  stems  were  so 
completely  crystallised  at  the  end  of  three  years  that  they  were 
useless  for  any  other  purpose  without  re-heating  and  turning. 
At  the  discharge  end  the  retort  is  supported  on  the  masonry. 

The  retort  is  set  in  an  arched  furnace,  with  a  firegrate  B 
underneath.  The  arch  above  the  retort  is  open  at  the  front,  and 
sometimes  discharges  the  heat  into  the  chimney  there,  and  some¬ 
times  returns  the  heat  over  the  arch  to  the  back  of  the  furnace  as  in 
the  drawings.  The  discharge  pipe  passes  the  back  wall  of  the  fur¬ 
nace  and  descends  into  a  tank  D,  which  is  supplied  with  running 
w a^r-  These  tanks  are  at  least  2  ft.  wide,  and  20  in.  deep,  and  the 
length  of  the  retort  furnaces,  if  there  are  a  number  of  them,  and  if 
not,  4  ft.  to  6  ft.  per  furnace.  When  there  are  a  number  of  retorts, 
as  at  the  Brims  wick  and  Eureka  Mills,  where  there  are  four,  and 
at  the  Consolidated  A  irginia,  where  there  are  six,  these  pipes  run 
from  where  they  enter  through  the  water  to  the  opposite  end  of 
the  tank,  with  an  inclination  of  6  deg.  to  7  deg.  The  centre 
pipe>>  C  and  C  thus  cross  each  other,  and  go  in  opposite  directions 
The  mercury  is  condensed  in  the  pipes  and  flows  out  from  the 
end  J  which  projects  6  in.  to  8  in.  into  a  basin  E,  containing  a 
^niaH  amount  of  water  to  prevent  the  mercury  from  spattering. 

The  amalgam,  generally  contains  about  one  part  of  silver  to 
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four  of  mercury  in  Nevada,  and  one  to  five  in  Colorado.  It  .should 
never  be  less  than  1  lb.  to  the  ounce  of  silver,  no  matter  how  rich 
the  ores  may  have  been.  It  is  usually  charged  in  iron  travs 
which  fit  the  lower  part  of  the  retort,  but  it  is  sometimes  charged 
directly  upon  the  bottom  of  the  retort  without  any  tray  to  hold 
it,  but  divided  by  discs  of  sheet  iron  to  facilitate  breaking  up  the 
retorted  amalgam.  In  either  case  it  is  necessary  to  coat  the 
bottom  of  the  retort,  and  of  the  trays  or  pans,  with  levigated 
clay  or  wood  ashes  or  whitewash  to  prevent  the  adherence  of 
the  bullion.  The  charge  generally  varies  from  500  lb.  to  1000  lb. 
At  the  Eureka  Mill  the  retort  is  charged  with  1500  lb.  to  2000  lb. 
The  fire  is  then  gently  raised  and  kept  so  until  the  mercury 
ceases  to  condense.  From  J  to  \  of  a  cord  of  wood  is  consumed 
in  this  operation,  for  every  1000  lb.  of  amalgam  treated.  The 
time  required  to  treat  it  varies  from  five  to  ten  hours,  depend¬ 
ing  mostly  on  the  size  of  the  charge.  Care  must  be  taken  to 
increase  the  heat  gradually  at  first,  as  too  high  a  heat  might 
fuse  the  surface  of  the  amalgam,  and  prevent  the  escape  of 
the  mercury.  At  a  bright  cherry-red  heat  all  but  1  to  14 
per  cent,  of  the  mercury  will  be  driven  off.  The  last  traces 
of  the  mercury  cannot  be  removed  except  at  a  white  heat,  at 
which  temperature  the  iron  becomes  soft  and  is  likely  to  become 
bent  and  distorted,  and  even  though  it  is  frequently  turned 
round,  it  is  liable  to  crack,  and  then  there  will  be  a  very  large 
loss  in  mercury,  which  might  be  a  serious  item  of  expense. 
Besides,  at  such  a  temperature  the  surface  of  the  amalgam  would 
be  likely  to  melt.  It  will,  therefore,  generally  be  best  to  submit 
to  the  loss  of  1  to  1^  per  cent,  of  the  mercury  rather  than  be 
exposed  to  the  risk  of  having  a  larger  loss.  As  the  retort  is 
exposed  on  its  whole  length,  it  will  after  a  time  become  distorted, 
even  with  the  most  careful  use,  so  that  it  will  generally  be  best 
to  support  it  in  the  middle.  In  some  of  the  mills  two  to  three 
supports  made  of  broken  stamp  stems  are  used,  but  as  only  one 
point  of  the  bottom  rests  on  them  this  does  not  prevent  the 
distortion.  It  is  better  to  have  curved  cast-iron  supports  as 
shown  at  K,  Fig.  174,  made  for  the  purpose.  In  some  works  these 
supports  for  the  retorts  are  built  into  the  masonry  of  the  sides,  and 
iri  others  the  retorts  are  hung  to  the  roof  of  the  furnace  b)  means 
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of  wrought  dron  strep*  which  are  M\p|xvrt^l  on  iron  Unices  on  the 
out*Lh\  lit  this  way  the  retoH  is  simply  KMfMlhy  in  the 
centre  of  tin'  furnace,  and  can  ho  raised  or  lowml  by  nuts  on 
the  outside,  If  tin'  retort  becomes  bulged  the  sling  nearest  the 
disturbed  place  can  bo  raised,  when  the  retort  will  resume  its 
shape*  or  it  can  be  turned  room)  in  the  sling;  In  this  why  it 
m*v  not  only  Ih>  made  to  last  two  or  thive  times  as  long  as  it 
otherwise  would  without  such  precautions,  which  is  usually  not 
more  than  six  to  nine  months*  or  from  150  to  300  operations* 
hut  a  considerable  loss  of  mercury  nmv  ho  prevented,  In 
mills  whore  they  are  not  careful,  several  hundred  pounds  of 
mercury  may  W  sent  up  the  chimney  through  a  crack  in 
the  retort,  before  it  is  discovered  that  the  retort  is  out  of 
order  It  has  boon  proposed  to  place  condensing  chambers  in 
the  dues  of  the  retort  and  crucible  furnaces  to  save  the  mercury 
in  the  retorted  amalgam,  hut  in  most  mills  nothing  would  be 
saved  from  want  of  care*  and  it  would  only  be  an  item  of 
expense,  though  if  carefully  attended  to  it  would  more  than  pay 
for  itself. 

In  the  retorting  furnace  it  has  been  almost  impossible  to 
prevent  salivation,  as  a  considerable  amount  of  volatilised 
mercury  remains  there,  which  cannot  bo  removed.  When  the 
retort  gets  cold  condensed  mercury  is  always  found  in  it  In  tin' 
Lexington  Mill*  the  practice  of  creating  a  vacuum  in  the  retort 
by  a  steam  blast  has  been  adopt  oil.  The  steam  and  the  quick  - 
silver  is  condensed  together.  This  does  not  make  any  change  in 
the  construction  of  the  retort  necessary,  and  the  condenser  is 
only  a  box  made  of  boiler  iron  ami  perforated  with  tubes  like  a 
steam  condenser,  so  as  to  produce  the  largest  possible  amount  of 
evading  surface.  The  steam  is  introduced  whore  the  retort  con¬ 
nects  with  the  condenser.  On  the  opposite  end  of  the  condenser 
in  a  gas  pipe  which  connects  with  the  front  of  the  retort  through 
an  opening  in  the  cover.  When  the  steam  blast  is  turned  on  » 
vacuum  is  created  in  the  retort  and  pressure  in  the  condenser. 
Hus  starts  the  motion  and  the  same  air  originally  in  the  retort 
eon  pass  in  constant  circulation.  Its  oxygen  is  soon  absorbed 
by  the  base  metals,  and  there  remains  only  nitrogen.  Only  a 
*  "Mining and  Kngiimring  Journal, **  vol,  xxxiv,,  p.  865, 
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very  small  amount  of  floured  quicksilver  is  formed  in  this  way. 
The  distillation  of  quicksilver  goes  on  at  the  rate  of  600  lb. 
per  hour  with  a  small  fire.  When  the  quicksilver  ceases  to  con¬ 
dense,  the  steam  blast  is  kept  up  for  half  an  hour  longer,  and 
the  retort  can  be  opened  hot  without  any  risk  of  producing 
salivation. 

When  the  quicksilver  ceases  to  drop  into  the  receiver  E,  the 
retort  is  gradually  cooled,  and  the  retorted  amalgam  is  with¬ 
drawn.  For  a  charge  of  about  15001b.  to  20001b.  the  firing 
generally  takes  eight  hours,  and  consumes  half  a  cord  of  wood. 
The  amount  of  “  retort  ”  obtained  is  generally  from  one-fourth 
to  one-sixth  of  the  weight  of  the  amalgam.  At  Stewart's  Mill 
they  get  1  lb.  of  silver  from  7  lb.  of  amalgam.  A  60-stamp  mill 
will  need  at  least  four  retort  furnaces,  and  should  have  six. 

The  “retort  metal”  is  a  more  or  less  spongy  mass.  In  addi¬ 
tion  to  the  gold  and  silver,  it  contains  lead  and  copper  and 
occasionally  some  small  amounts  of  iron,  which  are  mechanically 
mixed  with  it  and  have  not  been  separated  in  the  Knox  pan. 
When  the  copper  contents  are  large,  a  spongy  mass  is  formed 
on  top  of  the  retort  metal,  wrhich  is  principally  copper  but  con¬ 
tains  some  silver  and  lead.  The  copper  oxidizes  whenever  the 
air  reaches  it.  It  often  contains  as  high  as  20  per  cent,  of  silver 
and  is  exceedingly  difficult  to  refine.  A  method  for  treating  it  is 
given  in  Chapter  IX.  The  retort  metal  when  sufficiently  pure 
is  broken  up  and  is  melted  in  crucibles,  and  cast  in  a  cast-iron 
ingot  mould,  Figs.  177  and  178.  The  ingot  is  called  a  brick. 


Fig.  177.  Fi,J- 17S- 


The  moulds  of  the  Consolidated  Virginia  are  4i  in.  wfide,  Ilf  in. 
long,  and  4i  in.  deep.  Their  weight  varies  from  80  lb.  to  100  lb. 
but  is  generally  about  82  lb. 

The  Table  on  next  page  gives  the  sizes  and  capacity  of  these 
moulds  for  gold  and  silver. 


410 


Silver  Brick  Moulds. 


Length. 

Width. 

Depth. 

Capacity  i 

Gold. 

n  Ounces. 

Silver 

1 

f 

4 

4 

2 

u 

1 

1 

10 

5 

2j 

1A 

1 

25 

12 

3? 

l| 

14 

50 

25 

3 

1 

2 

2 

95 

50 

4 

f 

24 

2i 

180 

100 

5 

f 

3 

2f 

365 

200 

0 

[ 

31 

31 

550 

300 

t 

34 

3 1 

730 

400 

8' 

3j 

34 

910 

500 

9 

3| 

34 

1015 

600 

94 

4 

34 

1285 

700 

10 

4 

4 

1470 

800 

104 

4 

4 

1650 

900 

ll 

44 

4 

1830 

1000 

ll 

4} 

44 

2200 

1200 

114 

5 

5 

2750 

1500 

13 

64 

54 

3675 

2000 

- - 

The  value  of  the  gold  and  silver  when  the  fineness  is  known 


can  be  calculated  from  the  following  data : 


— 

Gold  in  Dollars 

Silver  in  Dollars 

1  oz.  troy  of  gold  is  worth  . 

8 

20.6717 

8 

1.2929 

11b.  „  . . 

301.46 

18.854 

1 1°**  **  »*  »»  •  •  • 

1  cubic  foot  troy  of  gold  is  worth  . 

602,927.36 

37,709.50 

361,808.64 

12,355.20 

— - 

In  Arizona,  for  bullion  averaging  .938  fine,  the  loss  in  melting 
from  volatilisation  and  skimming  is  7.55  per  cent.  The  time  of 
melting  is  three  hours*  The  weight  of  the  bars  or  bricks  is 
2711  oz.  They  require  for  melting  431b.  of  charcoal  and  20  lb. 
of  coke.  Only  43  per  cent,  of  the  gold  in  the  ore  was  saved. 

Every  brick  must  be  assayed  before  it  is  sold.  The  amount 
of  gold  contained  in  the  ores  of  the  West  is  very  variable,  some 
containing  none,  others  little  that  can  be  saved.  It  varies  often 
in  value  in  surface  ores  from  30  to  50  per  cent,  of  the  silver  con¬ 
tained,  but  frequently  falls  as  low  or  lower  than  from  20  to  2o  per 
cent,  or  is  altogether  absent.  The  bricks  from  the  Comstock 
mines  contain  from  2  per  cent,  to  10  per  cent,  of  their  value  in 
gold. 

*  Trans.  Am.  Inst.  Min.  Eng.,  vol.  xi.,  p.  105. 


411 


Gold  and  Silver  Extracted. 

Some  alloys  of  copper,  lead,  and  silver,  even  after  complete 
fusion,  still  retain  a  small  amount  of  mercury,  sufficient  to  make 
the  wet  assay  of  the  silver  uncertain  and  untrustworthy.  Such 
alloy  should  be  subjected  to  a  parting  process,  or  some  such 
treatment  as  is  described  in  Chapter  IX.  The  usual  melting 
furnace  is  described  in  full  in  the  description  of  the  United 
States  Mint  processes  in  Volume  II. 

The  percentage  of  silver  extracted  is  very  variable,  and 
depends  upon  a  great  variety  of  circumstances.  These  are 
mainly  the  character  of  the  ore,  the  kind  of  work  done  in  the 
mill,  and  the  way  the  percentages  are  calculated.  Sometimes 
the  percentage  extracted  is  calculated  from  the  assay  value  of 
the  tails,  a  method  which  can  never  give  very  accurate  results. 
When  silver  ore  is  roasted,  not  more  than  80  to  00  per  cent,  is 
ever  extracted,  though  some  few  mills  have  been  known  to  work 
up  to  9G  per  cent.  From  free  milling  ores  generally  not  much 
over  70  per  cent,  is  extracted,  although  some  of  the  mills  in 
W  hite  Pine,  Nevada,  and  Silver  Reef,  Utah,  have  worked  up  to 
85  per  cent.,  and  those  on  the  Comstock  have  been  worked  to  a 
little  over  80  per  cent.  It  is  not  possible  to  fix  any  definite 
amount  for  the  average  assay  value  of  the  tailings  and  slimes. 
It  varies  according  to  the  richness  of  the  ore  and  the  method  of 
treatment. 

At  the  Ontario  Mill*  the  bullion  is  melted  in  a  small  rever¬ 
beratory  furnace  with  a  gas  generator  using  a  mixture  of  char¬ 
coal  and  wood.  The  hearth  is  made  of  boiler  iron  with  a  layer 
of  4|  in.  of  Portland  cement.  Upon  this  foundation  an  inverted 
arch  of  firebrick  is  built,  the  mortar  being  made  of  half  fireclay 
and  half  firebrick  dust  mixed  up  with  a  concentrated  solution  of 
borax.  The  sides  are  built  in  the  same  way.  When  the  heat  is 
applied  the  borax  fuses  and  makes  the  hearth  metal-tight.  The 
hearth  is  3  ft.  G  in.  long,  2  ft.  0  in.  wide,  and  G  in.  deep  at  its 
deepest  part.  The  metal  is  discharged  by  a  tap  into  moulds  placed 
on  a  truck.  It  takes  from  five  to  six  hours  to  melt  and  cast  into 
bars  of  100  lb. 

The  extractiont  of  the  gold  in  ores  containing  silver,  more 

*  “Engineering  and  Mining  Journal,"  vol.  xxxiv.,  p.  35C. 
t  Ibid. ,  p.  257. 


412 


Asmy  Office  Accounts. 


4ssay  Office.  413 

especially  when  they  have  been  roasted,  is  very  incomplete, 
and  the  loss  is  very  large  and  is  greater  the  longer  the  time  and 
the  higher  the  heat  that  the  ore  is  roasted,  so  that  ores  containing 
gold  must  be  roasted  at  the  lowest  possible  temperature.  The  loss 
is  also  greater  the  larger  the  amount  of  copper  contained  in  the 
ore.  In  the  Nurphy  Mine,  Ophir  Canon,  Nevada,  the  amount  of 
gold  extracted  was  only  25  per  cent.  Afterwards,  by  the  intro¬ 
duction  of  the  Stetefeldt  furnace,  80  per  cent,  was  obtained.  At 
the  Alice  Mill,  Butte  City,  Montana,  the  percentage  was  only  55 
per  cent.  At  the  Lexington  Mill,  in  the  same  town,  it  varies  between 
08.8  anil  G0.8. 


«•  Ore  assay  table. 

b.  Anvil  table  covered  with  copper, 

for  buttons. 

c.  Sink. 

d.  Ore  assay  furnace. 

<•  Still  and  sand  bath  fire. 

/*  Muffle  furnace. 

9'  Distilled  water  tank. 
h.  Sand  bath  for  parting. 

*•  Gold-collecting  table. 
k.  Wash  basin. 

L  Work  bench  covered  with  copper, 
for  buttons. 

Balance  table. 


n.  Desk. 

o.  Rolls. 

p.  Sample  weigh  table. 

q.  Bar  scales. 

r.  Stamping  table. 

«.  Bullion  furnaces. 

t.  Table  for  smoked  moulds. 

Furnace  for  smoking  moulds. 
v.  Cleaning  tank, 
ic.  Cooling  tank. 

x.  Writing  desk. 

y.  Platform  scales. 

c.  Table  for  casting  the  bullion. 
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In  order  to  ascertain  the  fineness  of  the  bullion  two  assay 
samples  are  taken  from  each  brick  by  boring  holes  into  both  the 
top  and  the  bottom.  These  arc  enclosed  in  a  printed  wrapper 
with  the  same  indications  on  the  inside  and  outside  of  the 
wrapper.  The  label  on  the  inside  lias  a  margin  to  give  the  size 
that  the  paper  is  to  be  folded.  Both  papers  are  exactly  alike, 
except  that  one  has  the  bottom  and  the  other  the  top  sample 
printed  on  them. 

Bottom  Sample. 

From  Bars  No. _ 

If  orked  htf - 

J  - - Mill. 

Sampled _ _ _ _ _ 

It  is  then  assayed  ;  the  results  are  recorded  on  the  blanks  Nos.  1 
and  2,  p.  412,  and  sent  to  the  head  office,  a  record  being  previously 
entered  on  the  books  of  the  assay  office.  The  Consolidated 
Virginia  uses  blank  No.  3. 

The  samples  are  kept  for  a  year,  and  if  after  that  there  is  no 
dispute  about  the  bars,  the  silver  of  the  sample  is  melted.  The 
plan  of  the  assay  office  of  the  Consolidated  Virginia  Mill  is  shown 
in  Fig.  171).  Ihe  house  is  small,  but  the  office  is  otherwise  well 
arranged. 

The  name  of  the  mill  and  its  value  in  gold  and  silver  are 
stamped  on  each  brick.  It  then  goes  to  the  market  and  passes 
current.  Fig.  180  shows  one  of  the  Consolidated  Virginia  bricks. 


In  smelting,  the  loss  per  weight  is  generally  2  or  3  per  cent.,  as  it 
s  impossible  to  get  out  all  the  mercury  except  at  a  very  high 
leat,  which  it  is  not  .safe  to  do  in  retorting.  The  quality  of  the 
bullion  produced  is  very  variable,  it  being  from  0.050,  as  was  the 


415 


Loss  of  Mercury. 

case  with  some  of  the  bullion  at  the  Meadow  Valley  Mill  in  Pioche 
up  to  0.999.  Usually  the  bullion  does  not  run  below  0.990, 
as  in  the  case  of  the  Comstock  mines  of  White  Pine  in  Nevada, 
and  Silver  Reef  in  Utah.  It  is  very  rarely  as  high  as  0.999. 
No  special  effort  is  ever  made  to  reach  this  limit,  as  such 
fine  bullion  is  rarely  ever  wanted  in  the  market.  The  fineness 
of  the  bullion  depends  generally  upon  the  character  of  the  ore, 
but  sometimes  is  lowered  by  the  method  of  working.  Some  of 
the  very  base  ores  in  which  most  of  the  silver  is  in  the  form  of 
chloride  can  be  made  to  produce  bullion  0.900  fine  by  amalga¬ 
mating  cold  or  by  using  a  very  small  amount  of  salt  with  little  or 
no  copper  sulphate.  Generally,  however,  with  such  ores  it  is 
best  to  keep  the  bullion  from  0.600  to  0.700,  for  although  the 
silver  chloride  is  amalgamated  almost  at  once,  the  silver  sulphide 
minerals  remain  unamalgamated  with  the  base  metal  compounds. 
The  value  of  the  metal  depends  upon  its  fineness.  As  a  general 
tiling  in  Nevada,  it  will  be  from  $1.75  to  $2.00  per  oz.,  from 
two-thirds  to  one-third  of  the  value  being  gold,  and  from  one- 
third  to  two-thirds  silver. 

At  the  Eureka  Mill  the  loss  of  mercury  is  about  1  lb.  to  every 
10  lb.  of  amalgam.  The  retorting  is  done  every  other  day.  Tho 
crude  bullion  or  the  retort  metal  produced  in  August,  1874, 
amounted  to  8322  lb. ;  the  melted  metal  was  985  fine.  The 
value  of  the  bullion  was  $40G,337.12.  A  single  deposit  from  a 
clean  up  made  in  the  same  month  was  $92,917.26,  of  which 
$63,914.67  was  gold,  $29,004.25  was  silver.  This  was  from  six 
days’  work  in  the  mill.  The  slimes  collected  in  the  vats  assayed 
two-thirds  of  the  value  of  the  ore.  There  is  less  gold  in  the  slimes 
than  in  the  ore.  The  mill  always  works  up  to  75  per  cent  of 
the  yield  of  the  ore.  When  it  works  under  65  per  cent  a  charge 
is  made  to  the  mill,  and  deducted  from  the  wages  of  the  men,  as 
it  denotes  carelessness  or  dishonesty  on  their  part.  In  August, 
1874,  5900  tons  were  treated  up  to  84  per  cent. 

At  the  Brunswick  Mill  the  bullion  is  994  fine ;  at  the  Con¬ 
solidated  Virginia,  937  ;  at  Stewart’s  Mill,  where  the  ore  contains 
much  base  metal,  the  silver  is  750  to  850,  the  base  metals  being 
copper  and  lead ;  at  the  Nederland  Mill  it  is  only  700  fine,  the 
impurities  being  also  lead  and  copper. 
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The  Table  below  gives  the  production  of  the  Consolidated 
Virginia  for  three  months  of  1875  : 


1875. 

Number 

of  Tons  Value. 

Stamped. 

Yield. 

Profit. 

March . 

a 

S  $ 

1,707,540 

April . 

. 

05 Go 

670,000 

31,000 

C782  12,490 

720,000 

36,000 

The  clean  up  for  the  month  of  August,  1877,  was  Si, 445,780.31. 
The  clean  up  of  the  California  Mine  was  81,403,296.45,  or  for 
both  mines  $2, 849, 076.76. 

The  total  loss  in  mercury  in  the  mills  of  the  West  is  very 
variable,  and  it  is  always  slightly  greater  in  cold  than  in  warm 
weather.  In  some  of  the  most  carefully  conducted  mills  it  has 
been  reduced  to  £  lb.  per  ton,  and  has  been  in  the  same  mill,  when 
constant  attention  was  not  given  to  the  matter,  as  high  as  6  lb. 
per  ton  of  ore.  In  Nevada  it  may  be  said  to  be  between  14  lb. 
to  3  lb.  At  Stewart’s  Mill  it  is  2  lb.  per  ton  of  ore,  at  the 
Nederland  between  1  lb.  and  2  lb.,  at  the  Brunswick  Mill  in  1874 
it  was  2  lb.,  and  at  the  Eureka  Mill  in  1873,  14  lb.  per  ton  of  ore 
treated.  It  is  not  always  easy  to  see  where  this  loss  occurs  in 
the  modem  mills,  except  in  the  retort,  but  there  are  a  thousand 
■ways  of  losing  it.  When  the  ores  contain  lead  carbonate,  part  of 
this  waste  is  in  the  settler,  where  the  fine  mercury  is  held  down 
in  the  heavy  materials  on  the  bottom.  When  they  contain 
copper  or  lead  sulphide,  or  an  excess  of  copper  sulphate  is  added 
to  the  charge,  alloys  are  formed,  which  although  pasty,  are  easily 
floured,  and  thus  lost.  In  such  cases  sodium  amalgam  may  be 
used  to  advantage.  Some  of  the  mercury  is  lost  as  chloride,  but 
the  most  of  this  salt  is  reduced  by  the  iron.  Mercury  is  a  much 
more  volatile  metal  than  is  usually  supposed,  and  cannot  be 
exposed,  unless  under  cover  of  water,  without  some  volatilisa¬ 
tion.  If  any  of  it  is  dropped  it  is  impossible  to  pick  it  all 
up,  as  it  breaks  and  some  of  it  becomes  scattered  as  an  im¬ 
palpable  powder.  In  the  Owyhee  Mdl  globules  of  mercury 
were  found  in  the  dust  of  the  cross  timbers  of  the  roof,  40  ft  to 
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50  ft  above  any  place  where  it  was  used.  It  could  never  have 
reached  there  except  in  a  state  of  vapour  or  of  exceedingly  line 
dust  So  true  is  this  that  in  industrial  establishments  or  labo¬ 
ratories  which  are  dry,  and  where  it  is  likely  to  drop,  or  much  of 
it  must  be  left  without  any  cover,  it  is  usual  to  sprinkle  the  floor 
with  flowers  of  sulphur.  This  precaution  is  not  necessary  where 
the  floors  are  constantly  wet,  as  the  water  keeps  down  the  dust 
and  helps  to  carry  off  the  globules. 

All  the  mercury  of  the  large  mill  will  be  moved  at  least  forty 
to  fifty  times  a  day.  In  a  60-stamp  mill,  crushing  3  tons  to  4  tons 
per  stamp  a  day,  and  working  SI  25  to  Si  50  ore,  the  total 
weight  of  all  the  mercury  moved  in  twenty-four  hours  will  not 
be  less  than  from  30  tons  to  35  tons.  The  value  of  the  mercury 
in  rotation  often  represents  a  capital  of  from  $30,000  to  $40,000. 
When  this  is  moved,  as  it  formerly  was,  in  pails  and  buckets, 
and  generally  handled  by  the  men,  it  was  impossible  to  avoid 
loss.  Add  to  this  the  flouring  produced  in  all  the  processes 
of  stamping,  grinding,  and  retorting,  and  there  accumulates  in 
the  mere  mechanical  ways  a  large  number  of  very  small 
losses  which  in  the  aggregate  make  a  very  large  amount,  of 
which  that  lost  as  flour  is  no  inconsiderable  part.  Other 
mechanical  losses  are  caused  by  grease  of  any  kind,  and  by 
the  hydrated  silicates  of  alumina  and  magnesia,  both  of  which 
have  what  is  known  as  the  soapy  feel,  and  coat  mercury  like 
grease.  Experience  has  shown  that  as  soon  as  the  mercury 
becomes  dirty,  either  mechanically  or  chemically,  it  not  only 
loses  its  power  to  amalgamate,  but  is  also  much  more  readily 
floured  than  if  it  was  clean.  There  are,  besides  these,  chemical 
losses  owing  to  the  reactions  of  the  pulp  on  the  mercury.  Add  to 
this  carelessness  on  the  part  of  the  men  in  charging  it  into 
the  pans,  and  it  is  no  longer  a  matter  of  surprise  that  in  one 
of  the  mills  of  Colorado,  more  than  1000  lb.  of  it  were  found  in 
the  foundations  under  the  pans,  and  that  the  loss  of  mercury 
varies  from  f  lb.  to  6  lb.  or  8  lb.  per  ton  of  ore  treated.  All  the 
chemicals,  if  carelessly  used,  are  likely  to  produce  a  certain 
loss.  The  sulphurets  of  copper  and  the  chlorides  of  silver  are 
decomposed  with  the  formation  of  soluble  salts  of  mercury,  which 
can  be  precipitated  in  the  laboratory,  from  the  water  of  the  pans 

VOL.  L  -  E 
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and  settlers.  The  chlorides  precipitate  their  metals,  forming  an 
amalgam  with  the  silver,  and  do  no  harm  ;  but  the  copper,  if  in 
excess,  not  only  lowers  the  grade  of  the  bullion,  but  as  it  so  easily 
oxidizes,  makes  the  mercury  dirty.  Manganese  causes  a  large 
loss  also.  In  fact,  almost  any  substance  in  the  ore  capable  of 
being  decomposed  by  the  mercury  directly  or  indirectly,  will 
occasion  loss.  Too  little  attention  is  paid  in  certain  localities  to 
the  battery  water,  which  if  impure  may  alone  cause  a  considerable 
loss.  In  order  to  prevent  the  loss  being  produced  in  the  pan,  the 
chemicals  should  be  made  to  produce  the  decomposition  of  the  ore. 
The  introduction  of  cyanide  of  potassium  towards  the  close  of  the 
pan  process  will  help  to  collect  the  flour  and  clean  the  mercury. 
In  order  still  further  to  reduce  the  loss,  no  substance  that  has 
come  in  contact  with  the  mercury  should  be  allowed  to  go  out  of 
the  mill.  All  the  wood  and  ironwork  of  the  mill  which  has  ever 
come  in  contact  with  mercury  should  be  retorted.  The  wood¬ 
work  of  the  pans  and  settlers,  and  all  the  wooden  vessels,  as 
pails,  &c.,  and  also  the  floors  on  which  they  are  set  when  the 
mercury  is  not  moved  by  machinery,  should  be  distilled.  The 
charcoal  should  then  be  ground  and  added  to  the  pulp  in  the 
pan,  as  the  ashes  will  contain  silver  and  gold  if  the  wood  has 
contained  amalgam.  The  cloths  and  canvas  bags  used  as  strainers 
should  also  be  retorted.  Every  piece  of  cast-iron  should  be 
examined  for  holes,  and  if  there  are  many,  it  should  be  retorted, 
as  should  all  the  copper  plates,  which  should  afterwards  be 
melted.  This  will  effect  a  saving  in  mercury,  and  a  small 
saving  of  silver.  By  using  all  these  precautions  there  will 
still  be  a  loss,  but  with  proper  care  and  intelligence  it  may 
always  be  kept  at  a  minimum.  On  account  of  all  these  losses, 
precautions  are  taken  against  them  in  all  the  best  modem  mills. 
Those  against  mechanical  loss  consist  in  appliances  for  mecha¬ 
nically  handling  the  mercury,  which  have  been  described  above, 
and  the  addition  of  certain  materials  to  neutralise  the  effects  of 
substances  likely  to  coat  it. 

The  efforts  to  reduce  the  loss  in  mercury  have  led  to  the  in¬ 
vention  of  machines  for  catching  it  Among  them  is  one*  which 
was  formerly  in  use  in  some  of  the  mills  below  Virginia  City. 

*  Invented  by  Mr.  Varney. 
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The  machine  consists  of  two  cones  revolving  the  one  over  the 
other.  The  inside  cone  is  stationary,  and  is  2  ft.  high.  The 
sides  turn  up  to  the  same  height  below  the  bottom  and  form 
a  cup  in  which  mercury  is  placed.  The  cone  part  is  covered 
with  amalgamated  copper  plates.  The  outside  cone  revolves, 
and  is  3  ft.  high  on  its  inside.  Eighty  shoes  made  of  hard 
rubber  or  wood  8£  in.  long,  2  in.  wide  at  one  end  and  3*  in.  at 
the  other,  and  1J  in.  thick,  are  placed  in  such  a  way  that  in  the 
revolution  of  the  outside,  every  spot  of  the  entire  height  of  the 
amalgamated  plates  on  the  inside  cone  will  be  rubbed.  These 
shoes  are  dovetailed  into  the  cone  in  such  a  way  as  to  be  easily 
removed  for  repairs.  In  the  lower  part  of  the  inside  cone,  300  lb. 
of  mercury  are  placed  so  that  it  is  just  below  the  level  of  the 
amalgamated  plates,  and  almost  touches  the  lower  ends  of  the 
revolving  cone.  The  outside  cone  revolves  at  the  rate  of  twenty- 
five  to  thirty  times  a  minute.  The  tailings  of  the  mill  are  dis¬ 
charged  into  the  machine,  and  pass  between  the  two  cones  down  to 
the  surface  of  the  mercury,  and  out  at  the  side.  The  shoes  of  the 
revolving  cone  keep  the  amalgamated  plates  bright,  and  the  mer¬ 
cury  in  the  tailings  is  sufficient  to  keep  them  amalgamated.  The 
finely  divided  amalgam  is  caught  on  the  amalgamated  plates ;  the 
floured  mercury  coming  in  contact  with  the  surface  of  the 
mercury  in  the  bottom  of  the  pan,  which  is  always  in  motion,  is 
caught  by  it.  In  one  of  the  mills  where  this  machine  was  first 
introduced,  before  it  was  perfected  in  its  details,  half  the  product 
of  twenty  stamps,  each  crushing  3  tons  a  day,  caught  28  lb.  of 
mercury  in  forty-eight  hours,  and  in  the  next  sixteen  days  it  saved 
only  59  lb.  of  mercury  and  S  lb.  of  amalgam,  the  small  quantity 
being  caused  by  the  fact  that  from  defect  in  construction,  the  shoes 
were  so  near  the  copper  plates  as  not  only  to  rub  off  the  amalgam, 
but  also  to  wear  the  copper.  Such  devices  as  these  are  now,  how¬ 
ever,  generally  abandoned  for  regular  concentration.  That  much 
is  to  be  gained  by  passing  the  whole  of  the  tailings  through  con¬ 
centrating  machines  is  shown  from  the  fact  that  a  20-pan  mill 
without  any  special  arrangement  for  catching  the  mercury, 
working  on  tailings,  made  a  gain  of  700  lb.  of  mercury  in  six 
weeks,  which  was  but  a  small  part  of  the  mercury  actually 
contained  in  the  sliincs. 


2  E  2 
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Treating  Tails. 


The  material  which  is  concentrated  at  the  Tombstone  Mill 
consists  of  sands,  pan  slimes  and  battery  slimes,  mixed.  The 
battery  slimes  consist  of  that  portion  of  the  ore  which  is  stamped 
so  fine  that  it  will  not  settle  in  the  tanks.  This  portion  of  the 
ore  has  always  escaped  treatment  and  has  been  a  loss  hitherto ; 
in  the  new  treatment  it  is  intended  to  save  it  all.  The  pan  slimes 
are  formed  by  the  grinding  in  the  pans.  They  have  lost  the 
greater  portion  of  their  silver  by  amalgamation,  but  are  too  fine 
to  work  well  on  the  concentrating  tables.  Experiments  already 
made  show  that  they  can  be  successfully  concentrated  in  buddies. 
It  is  not  necessary  to  carry  this  concentration  vary  far,  as  a 
certain  amount  of  the  clayey  slimes  are  needed  to  give  tho  sandy 
concentrates  the  proper  consistency  for  holding  together  in  a 
subsequent  furnace  treatment.  About  55  per  cent,  of  the  value 
of  the  tailings  was  obtained  in  tho  concentrates.  This  was  sub¬ 
sequently  materially  increased  by  separating  the  battery  slimes 
from  the  tailings,  and  by  concentrating  the  pan  slimes  by  them¬ 
selves.  The  result  of  these  trials  shows  that  in  a  mill  built  for 
the  work,  at  least  75  per  cont.  of  the  silver  in  tailings  can  be 
recovered,  when  tho  ores  contain  from  4  to  C  per  cent,  of  lead ; 
the  material  treated  being  the  tails  which  have  laid  waste  for 
years.  The  method  of  operation  is  as  follows : 

From  the  settlers  the  tailings  run  to  an  agitator,  the  purpose 
of  which  is  to  mako  tho  supply  to  the  tables  constant ;  thence 
to  F rue  ^  aimers,  whore  the  valuable  portion  is  separated  and 
the  tailings  run  to  a  receiver.  These  tailings  are  then  raised 
to  a  water  separator,  where  tho  fine  slimes  are  separated  from 
tho  sands,  and  the  former  are  concentrated  in  buddies. 

Occasionally  tho  fioured  mercury  and  amalgam  collects  in 
pockets  in  the  reservoirs.  From  15  lb.  to  201b.  havo  been 
taken  at  one  time  from  such  a  pocket.  The  failure  to  collect 
the  mercury  lost  is  one  of  tho  very  weak  sides  of  pan  amalga¬ 
mation. 

Sometimes  on  tho  Comstock,  where  tho  pan  covers  are  very 
tight,  an  explosive  gas  is  formed  to  such  an  oxtent  that  when 
tlu>  charge  in  the  pan  is  left  for  some  time  it  accumulates  in 
such  quantities  as  to  cause  an  explosion  when  a  lighted  candle 
i*  brought  neai  the  charging  hole.  It  has  been  suggested  that 
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Mill  Buildings. 

under  these  circumstances  hydro-carbons  form  in  the  pan  *  but 
nothing  is  really  known  as  to  the  composition  of  the  gas.  Such 
accidents  are  reported  only  on  the  Comstock. 

In  the  whole  western  country  the  winters  are  very  severe,  and 
require  houses  of  special  strength  to  protect  both  the  men  and  the 
machinery  against  cold  and  wind.  The  construction  of  these 
buildings  has  been  shown  in  Figs.  128-137.  As  much  of  the 
process  us  possible  must  be  conducted  under  a  roof,  so  that 
the  buildings  must  cover  a  large  extent  of  ground,  and  as 
there  must  be  a  considerable  fall  for  the  purposes  of  the  process, 
they  must  be  high.  The  Lexington  Mill,+  Butte  City,  Montana, 
is  326  ft.  long  and  139  ft  deep.  The  area  covered  is  more  than 
29,000  square  feet  The  total  number  of  square  feet  occupied  by 
the  mill  is  45,000.  From  the  charging  floor  of  the  dry  kilns 
to  the  boiler  room  the  fall  is  61  ft. 

The  buildings  of  the  Lexington  Mill  are  arranged  as  follows : 


Dry-kiln  building*  . 

...  120 

by 

27 

Stetefeldt  furnaces 

...  103 

•i 

47 

Pan  room  . 

...  163 

35 

Engine  and  boiler  room 

70 

43 

Battery  room . 

...  120 

ft 

32* 

Firemen’s  floors,  each  .  . 

33 

„ 

13 

Agitator  room . 

24 

22 

Bullion  furnace  . 

35 

tt 

30 

All  well  -constructed  mill  buildings  are  very  expensive,  and 
must  be  kept  in  the  best  repair. 

The  charge  for  milling  in  Stewart’s  Custom  Mill  in  Colorado 
is  35  per  cent  of  the  assay  value  of  the  ore.  On  the  Comstock 
the  price  is  generally  settled  by  contracts  which  have  several 
years  to  run,  and  is  a  matter  of  special  arrangement  between 
the  mill  and  mineowners. 

The  yield  of  the  ores  is  very  variable,  as  is  also  the  percentage  of 
extraction.  The  ores  which  can  be  most  cheaply  worked  are  those 
which  contain  the  silver  chiefly  as  chloride.  Some  of  the  best 
instances  of  such  free  milling  silver  ores  are  those  of  White  Pine, 
Nevada,  and  Silver  Reef,  in  Utah.  When  the  ores  contain  the 
silver  chloride  mixed  with  lead  carbonate  and  various  copper, 

*  Berg  Hut.  Zeit.,  xxx.,  1871,  p.  GO. 
t  “  Engineering  and  Mining  Journal,"  rol.  xxxir.,  p.  255. 
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Cost  of  Treatment 


cases  these  figures  are  exceeded,  and  sometimes  it  is  possible  to 
work  at  a  less  cost  than  the  least  of  these  prices.  The  great 
variation  in  the  ores  and  facilities  for  working,  and  in  the 
methods  of  extracting  the  precious  metal,  make  it  impossible  to 

PACIFIC  MILL  AND  MINING  COMPANY. 

Operations  of  the _ MUl,  for  the  Month  of _ 188  . 

SUPPLIES  ACCOUNT. 


DEBIT  ENTRIES. 


CREDIT  ENTRIES. 


— 

ON  HAND. 
- 1st,  1874. 

1  Voucho  Number. 

Pub- 

CHABBD. 

Total 

Re- 

CE1IT8. 

Sold. 

ON  HAND. 
- 1st,  1874. 

CONSUMED. 

Per  Ton. 

Total. 

Quan¬ 

tities. 

Cost. 

Cost. 

Cost. 

Cost. 

& 

Cost 

Quan-  Quan¬ 
tities.  titiea 

Cost 

Wood 

Quicksilver  . . 
Catings 

B.  Stone 
Miscellaneous 

Totals 

Cd«. 

lb. 

Id. 

lb. 

$ 

eta 

$ 

cts. 

$ 

cts.  $ 

cts. 

Cda 

lb. 

lb. 

lb. 

$ 

cts. 

8 

cts. 

lb. 

lb. 

lb. 

« 

lb. 

lb. 

lb 

cts. 

n 

Total  cost  of  supplies  used  . . 

GENERAL  EXPENDITURES. 

dole. 

cts. 

Labour  . 

Freight  of  ore . 

Water . 

Hardware  . 

Lumber  . 

Repairs  current 

Repairs  extraordinary 

Team  expenses 

Miscellaneous . 

as  per  pay-roll . 

do.  bill . 

do.  do . 

do.  do . 

do.  do . 

do.  do . 

do.  do . 

do.  do . 

do.  do . 

I 

Total  cost  per  ton 

Total  cost  tor  tons  . . 

1 

Gross  Receuts: 

dols. 

cts. 

Earned  b  y  working  tons  ore 

Proceed  bar  ,  slime  bullion  .. 

Milling  Costs  : 

Supplies  consumed 
General  expenditure 
Profit 

CASH. 


Received 

From  Pacific  Mill  and  Mining  Company  (borrowed) 

From  sale  slime  bulliou .  \\ 

From  Mining  Company  .. 

Dollars. 

Cents. 

Dollars. 

Cents. 

DlBbLKSBD 

To  Pacific  Mill  and  Mining  Company  (dividend) 

For  general  expenditures. . 

For  purchase  of  supplies  . 

Cost  of  Treatment 
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make  any  general  statement  as  to  the  cost  of  the  process,  as  the 
cost  varies  very  frequently  in  the  same  district. 

When  the  supply  of  ore  is  short,  and  the  number  of  mills  large, 
there  have  been  times  when  custom  mills  have  paid  more  for  the 
ore  than  it  was  worth,  in  order  either  to  get  the  monopol}r,  or  to 
keep  the  mill  running,  as  it  is  always  very  expensive  to  shut 
down.  As  a  usual  thing,  however,  it  is  the  miner  and  not  the 
millman  who  suffers,  for  there  are  generally  fewer  mills  than 
the  mining  capacity  of  the  district  needs ;  hence  the  miner  is  at  the 
mercy  of  the  millmen.  The  blank  form,  p.  424,  gives  the  methods 
of  keeping  the  account  to  get  at  the  exact  cost  of  milling  of  the 
Pacific  Mill  and  Mining  Company. 

The  first  Table  below,  which  was  prepared  by  Mr.  M.  R.  Elstner, 
superintendent  of  the  Brunswick  Mill,  gives  the  running  expenses 
of  this  mill  for  the  year  1873.  The  second  Table,  p.  426,  also  pre¬ 
pared  by  Mr.  Elstner,  gives  the  total  expenses  for  the  month  of 
January^,  1874,  and  the  third  Table,  p.  428,  also  prepared  by  Mr. 
Elstner,  gives  the  record  of  the  bullion  deposits  of  November, 
1874,  at  the  United  States  Mint  in  Carson  City. 


BRUNSWICK  MILL  EXHIBIT  FOR  THE  YEAR  1873. 

STOCK  SUPPLIES. 


On  Hand  1st  of  January,  1873. 

Received  during  the 
Year  1873. 

Consumed  during 
the  Year  1873. 

On  Hand  Close 
of  the  Year  1873. 

Wood  cordi 

(quicksilver  Ibe. 
Casting*  lbs. 

Sul.  copper  lbs. 
Lard  oil . .  gals. 

Coal  oil  . .  gals. 

Miscel.  sundries  . . 
Hauling  and  weigh¬ 
ing  ore  tons 

10,950 

130,653 

5,024 

27SMTO 

dole. 

9,855.00 
9,565  90 
629.87 

558.50 

993 A 
68,0634 
639,783 
39,396 

300 

890 

34,226s30 

dols. 

9,937.10 

58,105.57 

41.539.96 
4,741.99 

675.00 

634.00 

23.101.97 

69,090.60 

971lf 
56, 732$ 
677,800 
42,420 

300 

890 

34,499* #0 

dols. 

9,717.10 

54,216.17 

44.970.97 
5,131.86 

675.00 

634.00 

23.101.97 

70,249.10 

22 

12,281 

99,136 

2,000 

dols. 

22a  00 

13,744.40 

6,128.89 

240.00 

Totals.. 

20,609.27 

208,326.19 

1 208,602. 17 

20.333.29 

Received 

208,326.19 

Consumed 

208,602.17 

228,935  46  ( 

22S.9S5.40 

BULLION  MEM.  ORE.  LABOUR. 


Date. 

Pounds. 

Crown  Point  Mine. 

Ton  a 

Pounda 

Milling  Ore. 

— 

For  1873 

60,206} 

On  hand  Jan.  1,  1873  .. 
Received  during  1873  . . 

273 

34,226 

1570 

330 

Payroll . 

Boarding  -house  bills  . . 

dols. 

43,889.00 

15,342.90 

Total . 

Worked 

34,490 

34,499 

1900 

1900 

59,231.90 

Balance 
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LEDGER  ACCOUNTS. 


Face  of  the  Ledger  Last  of  the 
Veer  1873. 


Dr. 


Wood  cordi; 
Quicksilver  lbsJ 
Castings  Ibe. 

Sulph.  copper  lbs. 
Lard  oil  gals. 

Coal  oil  gals. 

Miscellaneous 
Hauling  and  weigh¬ 
ing 
Stock 

Nevada  Mill  Co. 
Mill.. 

Inventory  . . 

Labour 


dols. 

9.937.10 

67,960.57 

51,105.86 

5,871.86 

675.00 

534.00 

23,101.97 

70,249.10 

418,946.24 


59,231.90 


dols. 

».00 


MiLfc  AcconrT  FOE  Til* 
Mom. 


Balances  of  Ledger 
Last  of  Year  1873. 


Dr. 


Cr. 


dols. 

9,717.10 


13,744.40  54,216.17 


6,128.89 

240.00 


44,976.97 
5,131.86 
675.00 
534.00 
23, 1G  1.97 

70,249.10 

20.609  27 

288.029.9#  150,916.30 
418,474.39 

20,333.29 
59.23L90 


747, 444.89  727.444S9  439,083.68  439.083.66 
Net  credit  .. 


dols. 


20,609.27 

418,474.39 


Total 

Expense. 


dols. 

9,717.10 

54,216.17 

44.976.97 
5,131.86 

675.00 

534.00 

23.101.97 

70,249.10 


59.231.90 


Totk 


Total 

Credit. 


Face  of  the 
Ledger  1st  day  of 
January,  1874. 


Dr. 


Cr. 


dols. 


267,834.07 

150,640.32 


dols. 
.28 
1.57 
1.30 
.15 
r  .03 
.67 


..  418,474.39 

L72 


dola  dols. 
220.00 
13,744.40 
6,128.89 
240  00 


20,333.2) 


418,494.39  7.76  418,474.39  20,333.23  20,333.2) 


Meeoeaedim. 


Stores,  4c.,  January  1, 1873 
Profit  and  loee  .  . 


Surrender  of  Brunswick  Mm  Company's  account 
Opened  new  accounts  with  stock 


20,609.27 

150,640.32 


171,249.59 

150,916.30 


20.333.29 

M.  R.  ELSTNER,  Superintendent 


BRINSWICK  MILL  EXHIBIT  FOR  THE  MONTH  OF 
JANUARY,  1874. 

 STOCK  SUPPLIES. 


On  Hand  First  of  the  Month. 


Wood 

Quicksilver 
Costings 
Sul.  copper 
Lard  oil 
Cool  oil 
MisceL,  sundries 
Hauling  4  weigh¬ 
ing  ore  tons 

Totals  . 

Received 


oords 

lbs. 

lbs. 

lbs. 

gal*. 


22 

12.2S1 

99,136 

2,000 


Received  during  the 
Month.  * 


Consumed  during  On  Hand  CJow 
the  Month.  of  the  Month. 


uois. 

220.00 

13,744.40 

6,128.89 

240.00 

1 

122J 

6,39$ 

63,556 

5,090 

40 

80 

4,2854"° 

dols. 

988.75 

7,677.60 

3,941.97 

686.62 

50.00 

48.00 

2,038.43 

3,741.88 

144J 

7,492 

90,682 

6,200 

40 

80 

4,2S54TO 

dols. 

1,203.75 

7,927.60 

5,440.92 

757.00 

50.00 

48.00 

1,438.43 

8,741.88 

11,187 

77,000 

1,490 

dola 

13,494.40 

4.629.9# 

16962 

eoaw 

20,333.29 

24,173.25 

-  1 

25,612.58 

18.891* 

24,173.25 

Consumed 

..  | 

25,61153 

44,506.54 

44,506.54 

Cost  of  Treatment . 


427 


BULLION  MEM. 


ORE. 


LABOUR. 


Date. 

Pounds. 

Crown  Point  Mine. 

Tons. 

Pounds. 

Milling  Ore.  - 

dols. 

Jan.  9 

642 

Received . 

4235 

470 

Pay  roll .  4329.70 

>.  12 

755 

Stadtmuller  &  Co.'s  bill  1045.83 

„  16 

674 

Beer  and  Brothers’  669.22 

„  19 

809 

Stadtmuller  account, 

„  21 

512 

Branch . .  78.25 

„  26 

685 

„  29 

640 

6123.00 

„  30 

732 

Feb.  S 

1244$* 

Total . 

4285 

470 

Worked 

4285 

470 

Total  .. 

0593$ 

Balance 

*  Thin  1244$  lbs.  from  the  cleaning  up  of  mill  from  January.  A  close  cloan  up  of  mill,  at  the  close  of 
every  mouth  Is  the  custom. 


LEDGER  ACCOUNTS. 


Face  of  the  Lodger  Last  of  the 
Month. 


Dr. 


dols. 

Wood  cords'  1,208.76 

Quicksilver  lbs.  21,422.00 
Casting  lbs.  10,070  86 

Sulph.  copper  lbs.  926.62 
Lard  oil  gals.  60.00 

Coal  oil  gals.  48.00 

Miscellaneous  2,098.90 

Hauliug  and  weigh- 

stS  :: 

Nevada  Mill  Co.  . 

Mill . 

Inventory  . . 

Labour 

ProQt  and  loss 


13,494.40 

4,629.94 

169.62 


660.47 

20,333.29 


8,741.88 


51,483.29  30,366.72 
51,422.82 

18,893.96 
6,123.00 


121,067.26  121,067.26 
Net  credit 


Mill  Accor w  ron  Tin 
Month. 


Balances  of  Ledger 
Last  of  tho  Month. 


Dr. 


dols. 

1,208.76 

7,927.60 

5,440.92 

767.00 

60.00 

48.00 

1,438.43 

8,741.83 

21,126.57 

18,893.96 

6,123.00 


20.33S.29 

51,422.82 


Total 

Expeuac. 

Ex¬ 

pense 

£L 

Total 

Credit. 

Ledger  let  day  of 
February,  1874. 

Dr.  Cr. 

dols. 

1,208.75 

7,927.60 

6,440.92 

757.00 

50.00 

48.00 

1,438.43 

d0,s» 

L85 

1.27 

dols. 

dols.  dols. 

13,494.40 

4,629.94 

169.62 

600.00 

8,741.88 

2.04 

51,422.82 

20,333.29 

21,126.57 

6,123.00 

1.43 

19,687.24 

31,735.58 

19,687.24 

51,422.82 

7.41 

51,422.82 

40,020.53  40,020.53 

REMARKS. 
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BRUNSWICK  MILL  -  MEMORANDUM  OF  SILVER  BULLION 
DEPOSITED  AT  THE  MINT  OF  THE  UNITED  STATES. 


No.  513.  At  Carton,  Nevada,  the  13th  day  of  November,  1874 ;  by  W.  F.  and  Co  for 
C.  P.  G.  and  S.  M.  Co. 


Description  of 
Bullion. 

Weight. 

This  memorandum 
is  for  the  informa¬ 
tion  of  the  depo¬ 
sitor,  and  is  of  no 
other  value. 

Before 

Melting. 

After 

Melting. 

Amalgam. 

os. 

10.497 

10.490 

dec. 

60 

00 

oz. 

2,031 

1,801 

1,803 

2,481 

2,200 

dec. 

80 

00 

90 

10 

90 

short  7 

60' 

— 

10,321 

70 

FINE¬ 

NESS. 


Valub  of 

TUB 

SILVER. 


046 

045 

947 

945 

947 


2,483 

2,202 

2,207 

3,029 

2,693 


Gold  Partbd  from 

TUB  SlLVBR. 


Fine¬ 

ness. 


eta.  lOOOths 
78  050 

051$ 
051 
051 
050$ 


12,617  36 


Deductions. 


For  Parting, 
Coinage,  and 
Fine  liars. 


Nbt 

Value. 


dole. 

2,100 

1,020 

1,901 

2,615 

2,297 


dole.  cts. 


10.885  63 
Loss  in  melting  per  cent 


dols. 


12,617 

10,831 


23,448 


*  tk-  A  t  For  Superintendent 

is  i  erence  of  7in  oz.  is  of  little  consequence,  as  this  discrepancy  occurs  between  mill  and  mint  scales. 


The  total  expenses  of  mining,  milling,  concentration,  and 
furnace  work  in  the  Tombstone  Mills  for  1882-3  is  given  below : 

o 


Mining  (21,903  Toss). 


Labour 

Contract 

Supplies  . 

Repairs  and  renewals 

Ore  hauling  (21,064.85  tons)  ’  ’ 

Total. 

$190,531.00 

4,372.10 

34,703.48 

980.60 

63,204.65 

Per  Ton. 
$8.70 
0.20 
1.58 
0.05 
3.00 

Total  . 

$293,791.83 

$13.53 

Milling  (21,474  Tons). 

Labour 

Supplies  . 

Repairs  and  renewals 

$56,367.84 

47,152.97 

2,506.08 

$2.62 

2.19 

.12 

Total  . 

$106,026.89 

$4.93 

Concentration-. 

Labour 

Supplies  . 

Total 

9,672.40 

873.13 

$10,545.53 

Cost  of  Treatment. 
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Furnace. 

Total. 

Per  Ton. 

Labour  . 

$7,529.00 

Supplies  . 

23,363.03 

Manganese  from  the  Lucky  Cuss  Mine  ... 

9,C65.5G 

Outside  mining  . 

379.02 

Ore  purchased  . 

3,752.13 

,,  hauling . 

3,640.18 

Bullion  hauling  . 

263.89 

Total  . 

$48,584.01 

Sundries. 

General  expense  . 

$8,307.51 

$0.38 

Administration  . 

22,202.84 

1.02 

Total  . 

$30,030.35 

$1.40 

Grand  total  of  mining,  milling,  and  sundries 

$430,449.07 

$19.80 

Legal  expenses 
Mine  construction  . . . 
Mill 

Furnace  construction, 
eluding  concentrators 

Tribute  ore . 

Adjoining  mining  claims 

Total  of  all  expenses 


Extraordinary. 
...  $16,827.49 

8,847.70 
2,188.15 
in- 

13,624.98 
7,559.10 
0,400  00 


$54,347.48  $1.90 

$543,920.00 


The  details  of  the  work  of  the  mill  for  the  year  1 883-4  are 
given  below : 


Tons  ore  received  at  mill  . . . 

,,  milled  . 

Containing  ounces  silver  . . . 
Extracted  by  amalgamation 
Containing  ounces  gold 
Extracted  by  amalgamation 
Average  battery  assay,  ounces 
„  tailing  „  „ 

,,  percentage  saved 


Pounds  (avoir.)  amalgam  produced 
,,  ,,  retort  metal  ,, 

Retort  metal  ratio  to  amalgam  ... 

Troy  ounces  retort  metal . 

,,  bars  ... 

Loss  in  melting  . 

Silver  in  bars,  troy  ounces 
„  by  assay,  „ 

Errors  of  sampling  and  assay  •  • 


35.11  silver 
9.81  „ 
72.00  „ 


15,992j| 
16,0423 
563,282.00 
402,003.89 
4,003.22 
1,890.27 
0.253  gold 
0.123  „ 
51.00  „ 


Total. 
183,307 
34,070 
1  :  5.52 
490,739 
468,006 
28,073 
394,390 
405,898.57 
11,508.57 


Per  ton  ore.  Per  cent. 


5.05 


0.72 
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Gold  in  bars,  troy  ounces . 

„  by  assay  „  . 

Errors  of  sampling  and  assay 
Average  fineness  of  amalgam  (both 

metals)  . 

Average  fineness  of  retort  (both 

metals)  . 

Average  fineness  of  bars  (both 

metals)  . 

Silver  remaining  in  tailings 
Gold  »» 

Salt  and  blue  stone  were  used,  but  on  account  of  the 
falling  off  in  percentage  extraction,  the  quantity  of  these 
chemicals  has  been  increased  and  longer  grinding  in  the  pan 
resorted  to.  These  measures  cannot  be  applied  recklessly  with¬ 
out  amalgamating  some  of  the  lead,  which,  during  the  year, 
formed  about  8  per  cent,  of  the  ore. 

The  quantities  of  material  used  were  as  follows : 


Total. 

Per  Ton. 

Quicksilver,  pounds 

.  20,183 

1.258 

Salt,  pounds  . 

.  83,850 

6.220 

Bluestone,  pounds . 

.  19,339 

1.205 

Castings,  pounds . 

.  69,032 

3.717 

Wood,  cords  . 

.  2.090J 

0.131 

Labour,  days  . 

.  9,453 

0.589 

The  appearance  of  telluride  and  lead  ores  lessened  the  milling 
quality  of  the  ore.  During  the  first  seven  months  the  ore  had 
an  average  value  of  34.83  oz.,  of  which  7.91  oz.  remained  in  the 
tails.  During  the  last  live  the  ore  contained  35.76  oz.,  12.50  oz. 
remained  in  the  tails.  The  subsequent  treatment  of  the  tails  in 
the  furnace  caused  a  portion  of  this  loss  to  be  regained. 

The  Tables  below  give  one  of  the  curious  results  of  working 
in  the  district  in  which  the  Tombstone  Mill  is  situated.  Taking 
the  battery  assays  for  1882-3  as  the  standard  of  value,  and 
deducting  the  assay  of  the  tailings,  the  bullion  product  is  invari¬ 
ably  a  plus  one,  or  in  excess  of  the  apparent  extraction  of  the 
metal,  as  shown  by  the  assays,  and  is  more  marked  with  high 
than  with  low  grade  ore.  The  error  must  of  necessity  be  in  the 
too  low  assays  of  the  battery  pulp,  or  in  the  too  high  assay  of 
the  tails.  It  is  probably  the  latter,  but  it  has  been  found  as  yet 
impossible  to  definitely  fix  it. 


Total.  Per  ton  ore.  Per  cent. 
1,941.11 
2,061.44 
120.33  0.008 

0.148 

0.797 

0.845 

155,382 

2,002 


Cost  of  Treatment. 


431 


Tons  of  ore  received  at  mills 

. 

21,180 

,,  milled  . 

•  •• 

21,474 

Average  battery  assay,  ounces  ... 

32.19  silver 

0.18  gold 

„  tailings  „  . 

8.01  „ 

0.10  „ 

,,  per  cent,  saved . 

76.07  „ 

44.44  „ 

Total.  Per  ton  ore.  Per  cent. 

Pounds  (avoir. )  amalgam  produced 

200,026 

12.39 

„  „  retort  metal 

40,888 

2.18 

Retort  metal  ratio  to  amalgam  ... 

1  : 5.67 

Troy  ounces  retort  metal . 

082,037 

31.79 

»>  »»  bars  ...  ... 

041,978 

29.89 

Loss  in  melting  . 

40,059 

1.90 

5.95 

Average  fineness  of  bars  silver  ... 

823.9 

82.39 

„  „  „  gold  ... 

2.8 

0.28 

Troy  ounces  in  bars  silver 

528,940.02 

24.03 

it  it  by  assay  „ 

519,010.00 

24.18 

Gain  over  assay  . 

9,930.02 

0.45 

1.91 

Troy  ounces  in  bars  gold . 

1,821.99 

0.084 

tt  tt  by  assay  „ . 

1,444.52 

0.007 

Gain  over  assay  gold  . 

377  47 

0.017 

26.13 

The  plus  in  gold  is  still  more 

striking,  if  the 

percentage  is 

considered.  The  gold  assays  are  made  once  a  month  from  the 
collected  buttons  of  the  daily  assays,  and  as  the  latter  are  made 
upon  samples,  taken  every  half-hour  throughout  the  year,  there 
is  no  reason  why  the  samples  should  not  be  true  averages, 
especially  as  all  questions  connected  with  the  mode  of  sampling 
have  been  carefully  considered.  There  is  one  source  of  error 
which  may  explain  the  small  plus  of  silver.  The  sample  is 
taken  from  the  stream  of  pulp  at  the  end  of  the  battery  launder, 
and  as  the  inclination  of  this  trough  is  somewhat  insufficient,  an 
entirely  free  flow  of  the  pulp  is  not  secured  and  the  heaviest 
portion  of  the  ore  settles  in  it,  removing  a  certain  part  of  the 
richest  ore  from  the  sample.  This  is  undoubtedly  the  source  of 
the  error  in  silver  returns,  but  it  cannot  explain  the  remarkable 
error  in  the  gold,  unless  there  is  free  gold  in  the  ore,  heavy 
enough  to  settle  almost  completely  in  the  trough,  leaving  only 
the  mineralised  gold  to  fall  into  the  sample  dipper.  Free  gold 
may  exist  in  the  ore,  but  it  is  not  coarse  enough  to  be  visible, 
and  it  is  difficult  to  see  how  fine  scales  should  settle  so  readily. 

The  mint  returns  of  the  Tombstone  Mills  by  months  are  shown 
in  the  following  Table,  March  being  estimated.  At  the  mint 
the  bars  are  remelted,  and  suffer  a  certain  loss  in  weight.  The 
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official  assays  also  differ  from  the  mill  assays, 
in  results  on  the  year’s  work  are  given  below. 


The  differences 


Crude  bullion 
Fine  silver 
a  gold 


Mill  Assays. 

oz. 

..  641,078 
..  528,946 
1,821.90 


Mint  Returns. 

oz. 

637,008.85 

532,372.03 

1,813.00 


Difference, 
oz.  Per  Cent. 

—  4,969  —0.77 

+  3,426  +  0.64 

—  8.99  -0.49 


The  bank  accounts  of  the  mill  show  the  following  gains  and 
losses  in  selling  bullion,  March  not  being  included  : 

Shortage  on  bars,  $1,989.85  Gain,  $267.87  Nett  shortage,  $1,721.98. 


BULLION  PRODUCT. 


April  Is ty  1882,  to  March  31ft,  1883. 
(By  Mint  Returns.) 


Number  Gross  Weight. 

Silver. 

Gold. 

Baso  Metal. 

of  Bars. 

oz. 

oz. 

oz. 

oz. 

April,  1882 

40 

112,864.30 

75,258.24 

257.58 

37.348.48 

May 

30 

76,017.30 

35,631.71 

102.55 

40,283.04 

June  ... 

18 

49,140.70 

47,649.62 

42.39 

1,448.09 

July 

20 

54,020.90 

51,154.01 

50.08 

2,810.81 

August ... 

15 

42,021.90 

41,146.04 

50.64 

866.22 

September 

18 

49,357.35 

48,755.54 

97.04 

474.77 

First  six  months  141 

383,422.45 

299,595.16 

600.28 

83,227.01 

October... 

..  16 

44,983.10 

43,551.95 

163.42 

1,207.73 

November 

..  16 

43,032.00 

38,297.24 

202.00 

4,632.70 

December 

..  14 

39,717.50 

36,364.61 

157.83 

4,195.00 

January,  1883. 

..  12 

34,449.10 

30,072.01 

169.45 

4,207.04 

February 

..  14 

38,845.70 

36,375.10 

219.55 

2,251.05 

March  ... 

..  19 

52,559.00 

49,115.96 

300.47 

3,142.57 

~91 

253,586.40 

2327776.87 

1212.72 

19,590.81 

Total  for  year . 

..  232 

037,008.86 

632,372.03 

1813.00 

102,823.82 

Avorago  fineness,  silver  . 

835.74 

it 

»  gold  . 

. 

2.85 

Quantity  of  base  metal  . 

. 

161.41 

1000.00 

In  the  assay  office  10,100  assays  were  made,  at  a  total  cost  of 
$2804.62  for  labour  and  supplies,  or  an  average  cost  per  assay  of 
28J  cents. 

1  he  cost  per  ton  of  ore  at  the  Charleston  Mills,  Arizona,  is  as 
follows  :* 

*  Trans.  Am.  Inst.  Min.  Eng.,  vol.  xi.,  p.  106. 


Coat  of  Treatment 


433 


*uel  .  81.05 

Chemicals,  including  quicksilver  .  0.77 

Lubrication  .  0.04 

Illumination  .  0.03 

Coatings .  0.33 

Supplies .  0.16 

Labour  .  2.52 

84.90 

Cost  of  Labour. 

Crushing .  80.52 

Amalgamation  .  0.G7 

Power,  pumps,  ifcc .  0.47 

Foreman,  &c .  0.87 

Tailings  pit  .  0.11 


82.64 


The  cost  per  ton  of  ore  at  the  Harshaw  Mill  in  1881  was  as 
follows  :* 

Labour  .  81.23 

Supplies .  1  *82 

Assaying .  0-°7 


Cost  of  Labour  per  Ton. 

Crushing . 

Amalgamation  . 

Power,  pumps  and  repairs  . 

Foreman,  melter,  &c . 


83.12 


80.26 

0.20 

0.40 

0.37 


81.23 


Cost  of  Materials  per  Ton  of  Ore. 

Quicksilver  . 

Chemicals  . 

Castings . 

Illumination  and  lubrication  . 

Fuel  . 

Supplies . 


80.42 

0.07 

0.29 

0.07 

0.78 

0.19 


81.82 


Below  the  actual  running+  expenses  of  working  Ontario  ore, 
estimated  from  a  production  of  50  tons  per  day,  are  given : 


*  Trans.  Am.  Inst.  Min.  Eng.,  vol.  xi.,  p.  100. 
t  Ibid.,  vol.  viii.,  p.  057. 

2  F 
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Graf  of  Treatment 
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The  operations  of  the  Ontario  Mill  during  the  year  1880  arc 
given  below*  : 

8 

Amount  paid  on  labour  account  ...  •  ...  127,404.81 

„  „  for  mill  supplies  .  151,537.78 

,,  ,,  repairs  and  construction  ...  65,580.00 

Gross  ore  worked  in  year  .  tons  13,858 

Net  ore  worked  in  year  (estimated)  ...  „  11,481 

Total  number  of  days  in  operation  .  283 

,,  bullion  product  in  year . 81,344,723.73 

„  discount  on  bullion  .  171,241.60 

During  the  company’s  fiscal  year,  from  February’  1,  1879,  to 
February  1,  1880,  15,372  gross  or  12,342$  net  tons  were  treated. 
The  average  assay  value  of  the  ore  was  8130.94,  and  the  average 
tailings  assay  was  817.49.  The  percentage  extracted  was  88. 
The  bullion  product  for  that  period  was  $1,425,003.  At  the  time 
of  examination,  however,  battery  samples  for  ten  days  averaged 
8149.65,  and  tailings  samples  for  the  same  time  811.12. 

The  cost  of  milling  ore  is  $11.69,  or  815  including  hauling, 
superintendence,  &c.  Supplies  cost :  Coal,  88.25  ;  and  salt,  88  per 
ton ;  wood,  84  per  cord. 

The  following  Table  gives  the  kind  of  labour  and  the  wages 
paid  on  the  Comstock  :*f 


Class. 


Agitator  men  . 
Amalgamators  . 
Blacksmiths 
Blanket  sweepers 
Carpenters 
Chargers  . 

Driers 
Engineers 
Feeders  . 
Firemen  . 
Foremen  . 


Wages  per  shift. 

Class. 

$3.50 

Labourers 

4.00 

Masons  . 

5.00 

Oilers 

$3.00  to  3.50 

Panmen 

5.00  to  6.00 

Retorters 

3.50  to  4.00 

Refiners 

4.00 

Tankmen 

5.00  to  7.00 

Teamsters 

3.00  to  4.00 

Watchmen 

4.00 

Woodmen 

5.00  to  6.00 

Wages  per  shift. 

$3.00  to  4.00 
6.00 

3.50  to  4.00 

4.50  to  5.00 

3.50  to  4.00 
4.00  to  4.50 
3.50  to  4.00 

3.50 
3.50  to  4.00 
3.50 


A  20-stamp  wet-crushing  silver  mill  running  twenty  four  hou 

1  it  • _ 1Y1AH  * 


1  roustabout. 

1  foreman  and  assayer. 


per  dav  Generally  needs  the  following  crew  of  men : 

, U,, JL ...  *  -■  “  — ! 

2  battery  feeders. 

2  amalgamators. 

A  aomewbatTarger  ^ni”  would  only  require  an  mcrease  of  a 
*  Reports  of  the  U.S.  Census  of  1880.  vol.  xiu.,  p.  2,9. 
ilbul,,  p.244. 

2  F  2 
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hand  or  two,  and  a  smaller  mill,  even  a  5-stamp  one,  could  not 
run  with  a  much  smaller  force.  The  usual  crew  for  a  20-stamp 
silver  mill  is  sixteen  to  thirty  men.  Some  of  the  more  recentlv 
constructed  dry-crushing  mills,  which  have  more  automatic 
appliances,  such  as  continuous  rotary  dryers  in  place  of  kilns,  dis¬ 
pense  with  a  few  hands. 


The  Table  on  page  437  gives  the  force  employed  in  three  of  the 
small  mills.*  The  Table  on  page  438  gives  the  labour  and  the 
wages  paid  at  the  Ontario  40-stamp  dry-crushing  mill/f*  The 
wages  for  mill  employes  range  from  82  to  85  for  twelve-hour 
shifts,  and  seem  to  be  in  proportion  to  the  wages  paid  miners  in 
the  district  where  the  works  are  situated.  As  a  rule,  mill 


employes  receive  about  10  per  cent,  more  than  miners,  the 
difference  in  the  length  of  their  shifts,  which  for  mill  hands 
is  almost  invariably  twelve  hours,  entitling  them  to  more  pay. 
In  one  or  two  districts  mill  hands  were  paid  less  than  miners 
however.  Chinese  are  employed  to  some  extent,  and  receive 
from  81  to  82.  They  work  generally  as  labourers.  Foremen  are 
paid  from  84  to  810  per  day.  The  number  of  men  employed  in 
the  Comstock  Mills  is  given  on  page  439.J 

The  amount  and  cost  of  labour  in  the  several  States  is  given  on 
page  440.$  An  analysis  of  the  results  reached  in  160  mills  shows 
that  for  every  ton  of  ore  crushed  the  labour  of  one  man  for  3.9 
hours,  costing  81.34,  is  required.  For  the  separate  establishments 
the  range  is  very  great,  depending  upon  the  character  of  the  ore 
and  the  treatment,  and  upon  the  efficiency  of  the  machinery, 
"  '  ariations  are  found  in  the  averages  for  the  different 

States  and  Territories.  The  most  economical  process  in  point  of 
labour ,  as  in  other  details,  is  the  treatment  of  free-milling  gold 
oies  b}  laige  wet-crushing  mills;  the  most  expensive,  that  of  re- 
lucing  base  silver  ores,  which  require  chloridising  roasting  as  a 
pieliminai}  to  pan  amalgamation.  Dakota,  where  the  ores  worked 
ie  exclusiv  tl^  of  gold,  and  California  and  Oregon,  where  such  ores 
largely  predominate,  are  therefore  the  localities  where  the  greatest 
,  n°  *n  ^J0Ur  Is  effected  ;  while  Arizona,  Nevada,  and  Montana 
a  much  greater  expenditure  of  labour,  as  would  be  expected, 

!  5ei*rt8  °*  the  US-  Census  of  1880,  voL  xiii.,  p.  243. 

+  *•*,  P.  278.  ilbid.,  p.244.  g  JKrf.,  p.245. 
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in  view  of  the  character  of  their  ores.  In  Colorado  and  Idaho 
the  different  classes  of  mills  are  nearly  balanced,  and  the  labour 
employed  in  crushing  a  ton  of  ore  closely  approximates  the 
average  for  the  whole  country.  It  should  be  observed  that  while 
in  tonnage  the  gold  mills  take  the  lead,  the  silver  mills  treat 
ore  of  a  higher  grade,  so  that  a  comparison  based  upon  the 
bullion  product  would  show  somewhat  different  results. 


Clash. 


Foreman  . 

Chief  engineer 

Assay  or  . 

Clerk  . 

Night  bos* . 

Ore  weigher 
Rock -breaker 

Carmen  and  drying-furnace  feed 

Oro  driers . . 

Rattcry  feeders  . . . 
Amalgamators 

Carmen  . 

Furnace  men 
Cooling-floor  men 
Engineers  ... 

Firemen  . 

Halt  feeders 

Watchmen . 

Carpenters ... 

Machinists . 

Machinists’  helpers 
Itetortor 

Moltor  . 

Storehouse  keeper 
Blacksmiths 

Wood  haulers  and  team 
Assayor's  helper  ... 

Tailings-pit  man  ... 

To  pro( 


Number  Length 
em-  of  Shift 
ployed.  Hour*. 


Wages 

per 

Shift. 


1 

12 

84.50 

,  1 

10 

4.00 

1 

10 

3.00 

•8 

2 

12 

4.00 

12 

8 

3.00  and  3.o0 

3 

8 

4.00 

4 

12 

4.50 

2 

12 

4.00 

6 

8 

4.00 

12 

8 

4.00 

2 

12 

4.00 

2 

12 

3.50 

2 

12 

4.00 

2 

12 

3.00 

3 

10 

3.00  to  4.00 

2 

10 

4.00 

...  j  2 

10 

3.00 

...  1  1 

10 

4.00 

1 

10 

3.50 

1 

10 

3.75 

2 

10 

i  3.25  and  5.00 

2 

10 

7.50 

1 

10 

2.50 

...  i 

10 

3.00 

u  nuiiar  in  gam  bullion  costs  8  cents  for  mill  laboui 
in  Dakota;  in  Nevada,  though  over  five  times  as  much  work  is 
required  per  ton  treated,  the  cost  for  mill  labour  per  dollar  of 
mlvor  bullion  produced  is  7  cents,  or  practically  the  same  propor¬ 
tion,  .  1  he  I  able*  on  page  4.'i!)  shows  the  average  number  of 
mins  woik  and  cost  of  labour  per  ton  of  ore  crushed  in  the 
principal  mining  States  and  Territories,  and  is  based  on  the  treat¬ 
ment  of  nearly  a  million  and  a  half  of  tons. 

Report*  of  tlio  U.S.  Census  of  1880,  vol.  xiii.,  p,  245. 
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The  fuel  used  is  generally  wax!.*  It  is  of  many  different  kinds 
and  qualities.  In  some  mills  in  Nevada  ogfrbrush  is  used 
under  the  boilers.  The  leading  kinds  of  wood  are;  Maintain 
mahogany,  weighing  from  3200  lk+  to  4400  Ik;  jvr  c\m\1  ; 
mesquit,  weighing  from  2300  lk  to  8300  lk  ;  nut-pine,  with  very 
variable  weight  depending  on  seasoning,  size,  and  shape  of  sticks, 
vVc\,  may  Ik*  calculated  at  between  20tX)  lk  and  33(H)  lk;  sugar* 
pine,  from  2000  1k  to  2300  lk ;  cedar,  lMX)  lk  to  2300  lk  ; 
cottonwood,  1300  lk  to  23(H)  lk  As  near  as  can  be  determined 
150  lk  of  sage-brush  an*  equal  to  UK)  lk  of  good  cedar.  The 
averaging  of  different  weights  of  the  same  kind  of  wood  is 
impossible,  as  the  weight  of  a  given  kind  of  wixxi  depends  upon 
the  locality  of  its  growth,  which  affects  its  grain,  the  seasoning, 
and  the  closeness  with  which  it  is  corded. 

It  is  almost  impossible,  on  account  of  the  different  character 
of  the  wood  burned  and  the  differences  of  method  and  machinery, 
to  determine  the  quantity  of  fuel  consumed  under  the  boiler  in 
working  a  ton  of  ore.  For  wet-crushing  silver  milk  three-quarter* 
of  a  coni  per  stamp  is  probably  the  maximum,  in  which  case  the 
wood  is  of  very  poor  quality  or  the  machinery  very  inefficient ; 
the  average  is  thought  to  bo  less  than  half  a  cord.  In  roast  ing- 
mills,  which  are  always  dry -crushing,  about  one-third  of  a  cord  is 
consumed  to  the  stamp.  This  does  not  include  the  wood  m'cessjuy 
for  roasting. 

The  power  which  drives  the  mills  is  usually  steam.  Sometimes 
water  alone  is  used,  as  in  the  Eureka  and  Brunswick  Milk* 
sometimes  both  water  and  steam,  M  hen  water  is  used  at  all  it 
is  always  best  to  have  an  engine  in  reserve  to  run  the  mill  in  case 
of  freshet  or  drought  The  Brunswick  Mill  has  two  La  Fillo 
wheels,  of  250  horse-power  each.  The  driving  wheel  k  0  tt.  in 
diameter.  The  driving  belt  is  42  in,  wide.  In  July  the  water 
here  gives  out,  and  the  wheels  are  set  so  low  that  in  tin  >piin^ 
freshets  the  water  sometimes  kicked  up  against  the  wluxk.  and 
prevented  their  working.  The  question  of  the  use  of  st  am  oi 
water  power  is  one  which  has  to  bo  settled  ever}  time  a  ,u 

*  Reports  of  tho  U.S.  Census  of  1880,  voL  xiik  p*  ^ 
t  This  weight  is  from  data  of  the  Eureka  and  1  alisade  Kailrv»i . 

I  Tliia  weight  is  from  data  of  tho  Richmond  Mining  Company. 
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is  built.  The  opinion  of  most  engineers  would  at  once  be  in  favour 
of  steam.  As  it  has  to  be  used  in  the  mill  the  year  through,  for 
heating  the  pulp,  a  part  of  the  equipment  of  a  steam  engine 
must  necessarily  be  in  the  mill,  and  in  the  end  it  would  in  most 
cases  be  cheaper  to  use  steam  power.  The  loss  occasioned  by  a 
few  weeks’  stop  of  a  large  mill  would  very  soon  pay  the  expense 
of  the  engine  and  boilers,  and  it  therefore  seems  poor  economy 
to  rely  on  water  alone.  Water  in  all  new  mining  countries  is 
an  exceedingly  uncertain  reliance,  and  a  mill  depending  on  it  alone 
will  generally  be  idle  from  a  quarter  to  half  the  year.  Where 
water  power  is  the  only  force  used,  the  saving  over  steam  is 
80  per  cent.,  since  some  steam  has  to  be  used ;  but  this  is  true 
only  on  the  supposition  that  there  are  no  stoppages. 

The  total  amount  of  water  and  power  required  in  a  large  mill 
is  about  as  follows.*  Each  stamp  generally  uses  10  lb.  of  water 
per  minute,  each  pan  1G  lb.,  and  each  settler  9  lb.  In  cases 
where  water  is  very  scarce,  the  whole  water  of  the  mill  may 
be  run  into  a  reservoir  which  thus  becomes  a  tailing  reservoir, 
and  is  pumped  back  with  a  loss  of  20  per  cent.  In  such  a  case 
there  would  be  required  for  the  stamp,  2  lb. ;  for  the  pan,  3.2  lb. ; 
and  for  the  settler,  1.8  lb. 

The  total  amount  of  water  required  for  a  60-stamp  mill  will  be  : 


lb. 

244  horse-power  requires,  per  minute  ... 

183 

00  stamps . 

GOO 

28  pans  . 

448 

14  settlers . 

120 

Total  amount  of  water  required  per  minute  1357 

Of  this  amount  1174  lb.  can  be  used  again,  at  a  loss  of 
cent.,  and  the  183  lb.  for  the  engine  can  be  condensed  at  a 
50  per  cent. : 

lb. 

20  per  cent,  of  1174  lb .  234.8 

50  „  183  „  .  01.5 

320.3 

This  is  the  total  amount  of  water  consumed  when  a  reservoir  is 
used. 

*  For  this  information  I  am  indebted  to  Mr.  J.  M.  Scott,  of  San  Fran¬ 
cisco. 


20  per 
loss  of 
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Stated  in  gallons  the  quantity  of  water  used  is :  For  the  boiler, 
7J  gallons  per  horse-power  per  hour.  For  each  stamp,  72  gallons 
per  hour.  For  each  pan,  120  gallons  per  hour.  For  each  settler, 
60  gallons  per  hour. 

If  the  water  used  in  the  batter}’,  pans,  and  settlers  is  collected 
in  settling  tanks  it  can  be  re-used  with  a  loss  of  about  25  per 
cent.  In  general  the  amount  of  water  may  be  stated  at  from 
2000  to  2500  gallons  per  ton  of  ore  treated. 

These  details  are  of  much  less  importance  than  they  formerly 
were  when  there  were  no  ditch  companies.  They  are  intimatel} 
connected  with  the  question  of  saving  slimes  and  tailings,  and  are 
of  vital  importance  in  all  countries  where  water  is  scaiee. 

The  following  Table  gives  the  horse-power  required  for  four 
different  mills. 


3. 


10- Stamp  Wet  20-Stamp  Wet  60-StampWet  lO^tampDry 


Crushing 

Mill. 


Crushing 

Mill. 


Crushing 

Mill. 


Crushing 

Mill. 


Blake’s  crusher  No.  2 
Ore  feeders 
Stamps  of  750  lb 
with  90  drops 
Rotary  furnace  40in 
in  diameter . 

Pans  5  ft.  in  dia 
meter  . 

Settlers  8  ft.  in  dia 
meter  . 
Concentrators 
Friction  . 

Total  horse-power 


1.  Treat*  18  to  20  tons  in  24  hour*.  2.  Tr®aU  ^  ^'’^toTs  ton*  a  day  of 
3.  Treats  130  to  140  tons  a  day  of  24  hours.  4. 

24  hours. 

The  engines  of  all  the  60-sta.np  of^N^  ^  0rdi- 

least  double  the  calculated  potter  a  few  mffls  it  is  as 

narily  used  in  the  boilers  is  about  > 
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b:  ~V  90  lb.  i*  ^>2xiiBi£s  eTffl  carried  up  si  Ligfa fc  100  lib 
Ii  is  rarely  kss  i?  an  70  lb. 

The  capacity  of  the  mills  depends  opjo  the  mahr  of  stamps. 
the  hardness  of  ihe  rjek,  mi  tbc  nmcba’  of  <kp  in  lb?  Tear 
wiici  the  tt,  rT,  nn  rrm  which  is  rtiTLiied  cbefr  by  ibc  SUppJ 
of  cut  box  sODeGKS  by  T&nadcQ  in  ihr  ¥4K r  scp^y  A  few 
rr  :  >  ireas  LIzb  as  375  toos  to  40)  Vjcs  in  iwcLtj-::^  bxr^. 
Coaucd  by  smpcapficiy,  it  varies  with  iLt  hardness  of  the  K<k 
from  U  uxs  to  4  igq>  per  stamp  in  irtEiT-fcur  bcci^  The  great 
i^yjriiy  of  the  krve  mills  are  owned  ami  c^aiiei  by  eiepizies 
who  own  the  mines-  On  the  Coatstcek  many  of  the  mifla  are 
clUs,  has  it  is  generally  tr&r  that  the  large  CKtaa  m-* 
were  origifitl  j  built  by  r-bni-yg  companies.  u>I  iate  h-ss  whj 
the  hands  of  private  parties,  either  on  a»3CK  of  the  failure  tie 
mines  or  want  of  pr.per  waencat  of  ih  tLs 

The  cost  of  a  small  mill  of  leas  than  sfreen  to  twenty  stamp* 
with  all  its  appliances*  will  ax  be  leas  than  SI 000  per  stamp  A 
r>!bstaz£p  «•>*!]_  iKr  CoQ^hhidi  Virginia.  Brunswick,  cj- 

Eit:££  mill-  Nevaia  can  be  built  for  from  f*3  .*1  to  p=r 

samp  Notvihunsa?  this  outlay,  the  nils — tiki  are 
g^eraliy  owned  by  cxmpandes  who  coesncs  to  week  the 
total  fruhci  of  the  mins — a^m&st  always  bse-tre  brp  <fiv*i®ds 
widle  the  mays  are  dtea  ax  worked  to  a  pro.  The  way  b 
winch  the  ores  are  purchased  leaves  garb  a  margin  cf  gpsa  » 
the  skilfnl  emT.  ^macsr  zrm  there  is  very  Essie  left  to  pay  the 
miner  for  his  trouble;  miss  the  ore  is  very  rich,  or  he  is  ia 
aopgrr  way  interested  in  the  kD.  The  ovoss  of  cascc 
who  have  no  g-bv^  ir^arest  or  fTny?  bnt  are  ol&>edu>3 
lit  opts  Ear-tes  to  tker  ors.  wvt  Ak&R  « 

with  the  evafn  of  mvl*  wk  have  large 
rmst  either  on  to  them,  or  be  absorbed  by 
as  the  wZi  Brakes  mas t  of  the  profe  the  _ 

gi  vires  to  erect  a  mill  before  he  has  ferny  opened  bis  ake.  A 
great  sary  reaZy  jeoi  •xsefpcises  a  the  West  mi 
have  m  this  way  1  *een  rezaei  merely  iiecaase  the  capital  wbicb- 
sb:uld  have  been  el  vested  in  the  «h»-  has  bea  i 

iw  prrvrcasmLs  before  there  was  a  zsdne  to  justify  1 
cf  the  idh  of  s-*s>msj  the  of  y.TaTSg 


Treatment  of  Tail a. 


447 


the  weather.  They  contain,  however,  a  certain  portion  of 
mercury  and  amalgam,  and  occasionally  sulphurets  containing 
gold  which  will  sometimes  pay  to  concentrate  and  separate. 

The  battery  slimes  are  sometimes  richer,  but  they  are  usually 
poorer  than  the  ore ;  they  generally  will  assay  about  60  per 
cent,  of  its  value.  They  contain  proportionately  much  less  gold 
than  the  ore.  The  quantity  of  slime  depends  upon  the  amount 
of  water  used  in  the  batter}’,  the  method  of  settling,  and  the 
quantity  of  clay  in  the  ore.  With  hard  ores  the  amount  of 
slimes  in  the  best  mills  will  be  2  to  3  per  cent.,  with  soft  ores  it 
will  be  more  than  double  that  quantity,  and  sometimes  are  a» 
high  as  15  per  cent.  Whatever  gold  there  is  in  them  is  very  flak} 
and  likely  to  float ;  the  silver  is  in  a  very  flne  state  of  division 
and  also  likely  to  float,  and  is  also  to  some  extent  in  the  form  of 
sulphurets.  The  slimes  are  worth  from  bio  to  ir’20,  and  often 
more,  and  can  be  profitably  treated.  "W  hen  water  i»  scarce  the 
slimes  are  very  advantageously  treated  without  an}  special 
arrangement  being  made  for  it,  as  all  the  watei  from 
vats  may  be  pumped  up  with  the  slimes  in  it,  and  ma  le  to  p 
again  through  the  mill.  By  this  method  there  au  no  att 
slimes.  It  is  well  worth  consideration  whether  this  me  oc 
would  not  pay  even  when  water  was  plenty  The  amo 
water  to  be  paid  for  would  be  less,  and  the  gain  in  yield  joifld 
probably  more  than  pay  for  the  pumping,  d  t 

The  pan  tailings  and  slimes  could  be  with 

number  of  tanks,  but  the  mills  have  no  u*  *  there  is 

reference  to  it,  and  could  often  not  be  altered .  « 
generally  not  sufficient  space  around  t  ion  or^  mucb 

F,quently  the  slimes  are  not  valuable  is 

expease,  so  that  in  most  of  the  mi  s  quantities 

made  to  catch  the  mercury  and  amalgam,  and  very  tag®  1 

of  them  go  to  waste.  always  of  value. 

When  the  ores  are  treated  raw,  the  tai  added  to  them 

They  are  allowed  to  weather,  salt  King  or  less  long. 


to  hasten  the  decomposition.  After  a  ^  remaining 

they  are  retreated.  Generally  there i  is  sul>ject  to  attack  by 

in  them  to  effect  this  and  to  ren  ei  10  ^  p>c  necessary , 

the  mercury.  A  certain  amount  of  exposure  seems 
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but  even  after  some  time  tails  rarely  yield  over  50  per  cent,  of 
the  assay,  and  often  give  much  less.  The  tails  from  roasted  ores 
are  much  more  difficult  to  treat  and  the  yield  from  them  Is  much 
less.  The  treatment  of  the  slimes  varies  but  slightly  from  the 
treatment  of  the  ore,  differing  only  in  these  respects,  that  pans  of 
much  larger  dimensions  are  used,  and  that  the  slimes  do  not 
require  grinding.  Generally  the  battery  slimes  are  settled  in  a 
series  of  reservoirs.  The  richest  material  will  always  be  in  the 
first  one.  There  were  a  large  number  of  such  slime  reservoirs  of 
great  extent  that  have  been  filled  to  the  depth  of  8  ft.  to  10  ft 
in  Dayton  Canon,  below  Virginia  City,  Nevada,  where  a  number 
of  mills  have  been  established  to  treat  them ;  but  the  best  of 
them  do  not  get  more  than  60  per  cent,  of  the  assay  of  the 
slimes,  even  where  they  use  very  large  amounts  of  chemicals, 
as  most  of  them  do.  The  bullion  produced  is  never  fine,  and  is 
less  so  as  the  amount  of  copper  sulphate  is  larger.  The  loss  of 
mercury  is  so  great  that  some  of  the  tail  mills,  as  mills  treating 
tailings  and  slimes  are  called,  purchase  ore  to  mix  with  them. 
This  loss  has  given  rise  to  the  invention  of  a  number  of  machines 
for  saving  it. 

The  tailings  were  formerly  generally  treated  in  blanket  sluices, 
the  attempts  to  treat  them  on  most  of  the  concentrating 
machines  not  having  been,  until  recently,  successful  The 
sluices  are  troughs  20  in.  wide  with  sides  2  in.  or  3  in.  high,  and 
sometimes  1700  ft.  or  1800  ft.  long,  with  a  grade  of  6  in.  to 
10  in.  in  every  12  ft. ;  a  number  are  usually  placed  side  by  side, 
generally  three.  Sometimes  as  many  as  fifteen  to  twenty  and 
even  more  are  arranged  together.  They  are  covered  with  strip 
of  coarse  blanket,  which  are  laid  on  the  sluice,  and  can  be 
easily  removed  to  be  washed.  When  the  sluices  are  long  they 
are  tarred  on  the  underside  to  keep  the  blanket  from  rotting,  m 
which  case  they  are  nailed  to  the  sluice  and  swept.  When  not 
tarred  they  are  taken  up  and  washed.  The  tarring  is  done  by 
drawing  the  blanket  over  a  bath  of  hot  liquid  tar. 

As  the  stream  of  tailings  runs  over  these  blankets  the  heavier 
portions  are  caught ;  the  lighter  portions  are  washed  away.  The 
loose  blankets  are  taken  up  at  intervals  of  about  twelve  hours, 
and  washed  in  tanks,  the  tarred  ones  are  cleaned  by  a  man  who 
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cj7T€55  k  whak  the  are  mag.  When  the  biar.Vts  imk 
rwept  tbe  ecra*  k  removed,  the  end  c£  the  blanket  drsp*  over 
^  of  sbe  c^*ac^.  and  tint  ttabt  eooeesat^s  art  carre: 
hrs,  the  trough  below.  Tbe  tspper  cnl  of  tbe  £cxx  k  swep; 
€nar  fxr  h&a%  tbe  bra  ad  cok  k  si  bwzrs.  isi  t»x&  a 
^17^  are  erkketed  is  a  day.  It  takes  three  met  per  kin 
of  rwd**  boms  to  do  tbe  work.  The  erjneeznzat^  bat  bare 
tbe  «aL7r^  isij  vahae  as  tbe  ore,  sd  art  treated  in  tbe  sssae  wit 
with  tbe  bizixkxL  of  one  third  of  tizasL 

Tbe  test  »-rrarpV  of  <imas  k  tbe  Woodworth  xi 

Barton,  Xersk*  They  art  tbe  largest  winch  bare  trer  'dm. 
beik  a&i  art  designed  v>  treat  all  tbe  tailings  fro®  trasT'^w 
thirty  r-iHk  in  Gold  Canon,  or  2fiS  stamps.  being  ar  average  of  f 
;.t  «  *  day  far  wdi  sjap.  These  art  all  ctrfWscd  in  tbe  slsks 
as  tbe  Bacon  French  WIL  TLk  share  is  IS  in.  spare,  %±  ks 
long,  with  an  average  grade  of  4  in.  to  tbe  rod.  It  k  a7- 
cksoei,  bet  carries  tbe  collected  taPrrgs  to  the  Woodworks, 
^oos.  Flgi.  1S1  to  1S3  give  per^ecrirr  views  of  puts  c£  tlli 
shoe*.  Fig~  181  shows  tbe  upper  pan.  Fig.  1S2  tbe  *iddk  mi 
Fig.  1*3  the  end  of  the  share.  It  is  wopiei  of  tweht 
S  side  br  side,  each  one  of  which  is  19  in.  wide.  They  art  sep- 
rzt^d  by  stripe  of  wood  1$  in.  wide  and  3  in.  high,  am 
together  a  table  22  ft.  wide  and  1700  ft.  long.  These  slakes  *  - 
a  grade  of  2  in.  to  tbe  rod.  and  are  supported  on  trestles  44  -  - 
apart  For  convenience  of  working,  tbe  grwip  is  divided  i^ 
sections  of  150  £l,  but  each  shake  is  omsinnons.  At  tbe  bea£  - 
tbe  share  die  «JU  are  discharged  from  the  shace  A,  Fig- 
into  a  head-box  B,  made  of  two  compartments  inchadel  -s 
the  ssrnctnre.  These  are  each  3  ft.  long  and  2  ft  deec 

2nd  tbe  whole  width  of  tbe  shxices.  Tbe  boatom  of  tbe 
one,  B,  is  20  in.  above  the  bottom  of  the  shrice,  ani  has  three 
openings  3  ft  wide  and  4  in.  high,  which  discharge  into  tbe 
distributing  box  C,  which  twelve  openings  4  in.  by  >  m- 
one  for  mA  duke.  All  the  openings  in  C  are  provided  wi— 
gates  D.  so  *h*r  all  or  any  number  of  them  can  be  L- 

a  time-  In  front  of  the  box  B  is  another  one  E,  of  the  same 

*  These  iJsvyg  mere  daeprf  aad  csjossnxAtd  in  1K"4  h  H. 
erjcr.  fer  ae  Dsjtce  MIX  of  wbd  he  ma  ihes  soki^E**- 
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shape,  which  is  fed  by  clear  water  from  the  two  lines  of 
galvanised  iron  pipe  F,  3  in*  in  diameter  and  2136  ft  long,  on  one 
side  of  the  sluice,  an  1  on  the  other  supplies  it,  through  the  gate  Q, 
to  the  side  box  H,  which  is  8|  ft,  wide  and  101  ft  deep,  and 
carries  the  clear  water  to  the  head  of  the  sections ;  it  is  con¬ 
sequently  130  ft,  shorter  than  the  whole  sluice.  Here  it  dis¬ 
charges,  through  the  openings  L,  into  boxes  M  6  in.  by  6  in., 
which  cross  the  sluice  at  right  angles,  and  have,  like  the  dear- 
water  head-box  E,  a  3  in.  round  hole  I  for  each  sluice,  which  can 
be  closed  with  a  plug  when  the  blankets  are  not  being  washed. 
These  troughs  are  1  ft  above  the  sluice,  and  are  supported  on 
four  inclined  pieces  shaped  so  as  to  leave  the  current  free. 
At  the  end  of  each  section  there  is  a  slot  K  in  the  bottom 
of  the  sluice,  3  in.  wide  and  17  in.  long,  closed  by  a  sheet-iron 
cover,  which  opens  into  an  inclined  sluice  6  in.  wide  and  12  in. 
deep,  which  runs  under  the  whole  width  of  the  table,  and  at 
right  angles  to  it.  and  discharges  into  a  trough  0  of  the  same 
size,  which  runs  parallel  to  the  table,  and  carries  the  con¬ 
centrates  to  the  reservoirs.  This  slot  in  the  bottom  of  the  sluice 
is  closed  when  the  sluice  is  working,  and  the  blanket  laid  ovei 
it.  as  at  the  Eureka  Mill. 


At  the  end  of  1200  ft.  there  arc  ten  settling  tanks  0  ft.  long, 
8  ft  wide,  and  4  ft.  deep,  into  which  the  sweepings  are  dis¬ 
charged.  At  the  end  of  1600  ft  there  ate  two  of  the  same  ske. 
and  at  1700  ft.  two  more,  making  fourteen  in  all ;  140,000  ft.  o 
lumber.  24,000  ft.  of  blankets  10.000  ft  of  which  are  in  use  at  a 
time,  2  tons  of  nails  and  spikes,  and  1600  gallons  of  coal  tar 
were  used  in  tlm  construction  of  the  sluice.  The  total  cost '  ^°r 
struction  was  $21,500.  It  requires  to  operate  it  about  0<g» 
of  water  per  minute,  which  is  pumped  to  a  height  o  -  •  ' 

cully,  and  carried  2156  ft  horizontally  through  a  .  m.  1 
The  pump  is  driven  by  the  water-wheel  of  the  !  «.'  "  •  • 

Each  one  of  the  sluices  is  covered  with  blankets  A  m.  "  • 

6  ft  long.  They  are  tacked  on  the  upper  cn>  ''  '* 1  .  y  wv 

tacks,  and  by  oue  tack  every  6  in.  on  the  sides.  >e  >v 
put  down  they  «,v  co^ed  with  call  tar  on  the  1 

>*  *-  -»  u-w  -  "J  iX  n 

the  purpose,  whoso  bottom  slants  »>,»  ,  s 
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the  sides  is  but  a  few  inches  above  it  The  blanket  is  drawn 
over  the  surface  of  the  tar  from  the  deep  side  of  the  tank  and 
then  over  this  side,  the  edge  of  which  scrapes  off  the  excess  of 
tar.  This  tank  is  6  ft.  long,  30  in.  wide,  and  12  in.  deep.  Only 
the  under  side  is  coated  in  this  way,  leaving  the  nap  entirely 
free.  The  tarred  blankets  last  nine  to  twelve  months,  but  if  not 
tarred  they  only  last  three  months.  They  are  taken  up  every 
two  months  to  be  dried,  and  are  then  shaken  ;  at  the  same  time 
the  bottom  sluices  are  carefully  cleaned.  The  blankets  work 
better  as  they  get  older. 

To  work  the  sluice,  the  slime  from  the  sluice  A  is  discharged 
into  the  tank  B,  Fig.  181,  and  from  there  into  the  distributing 
box  C.  The  amount  of  slime  discharged  by  the  sluice  is  from 
GO  to  70  cubic  inches  per  minute.  It  is  discharged  upon  the 
blankets  from  the  gates  D  in  the  trough  C,  the  amount  being 
regulated  by  opening  or  closing  the  gates.  It  is  thus  dis¬ 
tributed  over  all  the  sluices  but  one,  or  as  many  as  it  is  desirable 
to  have  working,  and  is  spread  over  the  blankets. 

The  first  three  or  four  sections  are  constantly  swept,  so  that 
each  section  will  be  swept  every  six  hours.  Before  commencing 
to  sweep,  the  supply  of  tails  is  cut  off’,  and  clean  water  tuint  d 
on  to  the  sluice  from  the  clean-water  box  for  half  an  hour.  The 
opening  in  the  bottom  of  the  sluice  at  the  end  of  each  section, 
which  is  kept  closed  while  the  sluice  is  not  being  swept,  is  now 
opened,  the  cover  is  removed,  and  the  end  of  the  blanket  allow  ed 
to  drop  into  the  sluice  below,  where  it  remains  until  the  men 
clean  up  this  sluice.  The  sweeping  is  done  with  an  ordinary 
broom,  clear  water  running  all  the  time.  The  sulphurets  caught 
in  the  nap  of  the  blankets  are  thus  discharged  into  the  low  ei 
sluice.  The  length  of  time  for  sweeping  is  generally  calculated 
on  the  upper  sluices,  so  that  three  to  four  of  them  are  washed  in 
a  little  less  than  three-fourths  of  an  hour.  Each  one  of  the 
sluices  is  thus  swept  in  eight  hours,  or  three  times  in  the  twTent}  - 
four.  On  the  lower  ones  they  are  swept  only  once  an  hour,  so 
that  each  sluice  is  swept  once  in  twelve  hours.  Seventeen  men 
do  the  whole  work  of  the  sluices,  twelve  of  whom  are  sweepers. 
They  work  twelve-hour  shifts,  and  were  paid,  in  1874,  S3  a  day 
for  sweepers,  and  84  for  the  overseers.  Afterward  Chinese 
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Fio.  181.  The  Woodwokth  Sluices  at  Dayton,  Nevada. 
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labour  was  employed,  so  that  now  the  sweepers  get  only  SI. 54 
a  day.  The  work  is  arranged  so  that  the  sluices  produce  one  ton 
of  concentrated  sulphurets  for  each  sweeper.  Fully  three-fourths 

Fto.  1*2. 


Fig.  181 


The  Woodworth  Sluices  at  Dayton,  Nevada. 
of  this  comes  from  the  upper  sluices.  The  actual  cost  of  con¬ 
centrating,  with  labour  at  83,  was  about  84  per  ton  of  sulphurets, 
with  the  cost  of  labour  reduced  it  was  proportionately  less. 
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In  any  case  the  cost  will  be  more  than  covered  by  the  gain  in 
mercury.  The  assay  of  the  concentrates  in  October,  1874,  just 
after  the  sluice  commenced  to  work,  was  $25.49  In  November 
of  the  same  year  it  was  $28.90.  These  concentrates  are  worked 
in  the  mill  to  70  per  cent,  of  their  assay  value. 

The  attempt  to  work  the  slimes  by  direct  amalgamation  was 
for  a  long  time  unsuccessful,  owing  probably  to  the  precious 
metals  being  in  the  state  of  sulphurets,  which  require  to  he 
roasted,  or  of  their  being  included  in  pyrites  so  that  they  are  not 
reached  by  the  mercury.  Boasting  is  generally  too  expensive,  so 
that  this  material  is  either  thrown  back  into  the  battery,  or 
worked  in  the  pans.  Their  quantity  has  been  very  much 
diminished  by  increasing  the  number  of  slime  vats  in  the  mi  . 
Since  the  decay  of  the  Comstock  Mines  most  of  the  mills  on 
Carson  River  arc  working  on  Comstock  tails,  w  hich  " 
considered  not  worth  treating,  but  which  the  low  price  of  mercury 
and  improved  methods  have  made  possible  to  treat  with  profit. 
They  are  now  treated  in  arrastras  and  pans,  or  in  paas  °  ' 

by  largely  increasing  the  amount  of  chemiea  s,  which  «  usuaUy 
only  salt  and  copper  sulphate,  over  that  formerly  ^  Th 
amount  of  chemicals  and  mercury  must  * 
case  by  making  assays ;  for  the  baseness  o  he 
increases  with  the  quantity  of  copper  su  P oniy  .099  fine, 
been  known  where  the  silver  produced  ms  b^lion  for  a 

Having  once  determined  the  average  ^  suiteJ  for  the 

given  quantity,  this  quantity  is  >  amount  0f  chemicals, 

slimes  in  hand.  In  general  tie  es.  precious  metal 

the  finer  the  bullion,  but  the  greater  the  loss  P 

will  be.  •  ri*  cr  it  would  seem  most  ad- 

As  battery  slimes  require  no  g»nt  ' *  ;nto  thc  pan,  but 

vantageous  to  charge  the  quic  ’si  '  orp  obtained  by  charging 

experience  has  shown  that  better  resu .  j  mixing  them  for 
the  chemicals  with  the  slimes,  and  ^‘adding  the  quick- 
about  two  hours  with  the  muller  up,  811 tvmass  which  might  hold 

silver.  Pan  slimes  sometimes  foim  a  pas  ^  jn  treating  sucli 

thc  finely  divided  quicksilver  and  carry  ^  frWU  the  pans 

material  one-half  its  bulk  in  sun  ,  added  to  it.  ^  'uU 

are  often  called,  and  sometimes  mor  , 


456 


Battery  Slimes . 


the  quantity  added  is  large  the  prepared  charge  sometimes 
assays  only  SG  to  the  ton.  With  slimes  assaying  from  $20 
to  $30  a  ton,  the  average  quantity  of  copper  sulphate  for 
tailings  is  from  10  lb.  to  12  lb.,  and  sometimes  as  high  as  20  lb., 
most  of  which  is  regained  in  the  refining,  and  of  salt  from 
20  lb.  to  25  lb.  to  the  ton  of  pulp.  The  charge  is  worked  for 
four  hours,  or  six  hours  in  all,  and  then  drawn  into  the  settler. 
About  60  per  cent,  of  the  assay  value  is  obtained.  The  yield  of 
the  pan  being  from  60  to  75  per  cent.,  if  the  slimes  are  success¬ 
fully  treated,  may  bring  the  yield  of  the  ore  up  to  85  or  00 
per  cent.  Tails  are  often  treated  in  the  same  way,  but  undergo 
a  preliminary  grinding  in  an  arrastra. 

In  treating  slimes  the  greatest  source  of  expense  is  the 
apparently  inevitable  loss  of  mercury.  With  all  the  best  appli¬ 
ances  it  will  generally  be  as  much  as  4  lb.  to  the  ton  of  slimes. 
In  the  treatment  of  ore  it  will  not  generally  exceed  from  1  lb.  to 
1J  lb.,  and  sometimes  averages  as  low  as  J  lb.  This  loss  is 
probably  owing  to  the  slime  forming  a  coating  over  the  globules 
of  mercury,  and  preventing  their  uniting.  When  ore  is  treated 
with  the  slimes  the  loss  in  mercury  is  always  found  to  be  less, 
and  the  yield  of  silver  higher ;  this  is  probably  owing  to  the 
more  or  less  grinding  action  of  the  ore  which  cleans  the  mercury. 
It  was  supposed  for  a  long  time  that  sodium  amalgam,  potas¬ 
sium  cyanide,  and  a  number  of  other  chemicals,  would  have  the 
effect  of  preventing  the  loss  of  mercury  to  a  very  considerable 
extent,  and  they  undoubtedly  do  temporarily  “enliven  the 
quicksilver.  But  their  action  is  only  temporal')’,  and  it  is  doubt¬ 
ful  whether  it  is  of  any  great  amount  of  use.  As  these  slimes, 
and  sometimes  low  grades  of  ore,  are  poor,  it  is  necessary  to 
work  them  in  very  large  quantities  in  order  to  make  them  pay. 
This  is  done  by  using  very  large  pans,  and  it  is  mostly  for  this 
purpose  that  the  largest  pans  have  been  invented. 

The  examples  of  the  treatment  of  tailings,  slimes,  and  con¬ 
centrates  from  the  blanket  sluices  in  pans,  are  taken  from  the 
Woodworth  and  Lyon  Mills  in  Dayton,  Nevada.  The  Wood- 
worth  Mill  treats  the  slimes  mixed  with  ore  worth  $20  a  ton,  and 
for  that  purpose  has  six  batteries  of  four  stamps  each.  It  has 
twelve  Horn  pans,  six  settlers,  two  agitators,  and  one  clean-up  pan* 
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he  Lyon  Mill  treats  only  tailings,  slimes,  and  the  concentrates 
from  blanket  washing.  It  has  ten  Wheeler  pans,  with  wooden 
sides  and  covers,  five  settlers,  and  one  clean-up  pan.  The  slimes 
have  been  deposited  in  reservoirs  from  the  mills  above.  The  dam 
and  sides  have  been  removed,  and  the  material,  which  is  perfectly 
dry,  dug  out  of  the  bank,  and  carted  to  the  mill.  They  were 
sometimes  wor^h  from  $30  to  $40  ;  their  general  averages  were, 
however,  from  $lo  to  $20.  As  they  have  not  passed  the  pans 
they  are  much  richer  than  the  “  sand  ”  or  tails.  Since  the  Corn- 
stock  Mines  have  ceased  to  work,  tails  as  low’  as  $3  to  $4  are 
treated  in  charges  of  2  tons  to  4  tons.  During  the  last  years 
of  prosperity  they  wrere  working,  they  averaged  from  $5  to  $7. 
The  concentrates  come  from  the  Woodworth  sluices.  In  the 
Woodwrortli  Mill  the  pans  are  5  ft.  inside  diameter,  have  eight 


dies  and  six  shoes  which  are  18  in.  from  side  to  side  on  the 
widest  part.  One  end  of  the  shoe  is  only  4  in.  wide,  the  other  is 
18  in.  The  ends  are  joined  writh  a  curve,  so  as  to  form  a  decided 
point  on  the  long  side  of  the  shoe.  The  diameter  of  the  shoes  and 
mu  Her  is  4  ft.  10  in.,  so  that  there  is  1  in.  between  them  and  the 
side  of  the  pan.  The  charge  for  the  pan  is  1600  lb.  of  tailings 
and  400  lb.  of  pulp  ;  but  when  of  ore  alone,  the  charge  is  3000  lb. 
The  muller  revolves  eighty-five  times  a  minute ,  20  lb.  of 
sulphate  of  copper  and  40  lb.  of  salt  are  put  in  uith  the 
charge.  When  slimes  are  treated  the  muller  is  never  down,  an  1 
200  lb.  of  mercury  are  introduced  at  the  end  of  two  hour.4 . 
whole  operation  lasts  4i  hours.  When  ore  is  charged  the  pan 
grinds  for  three  hours,  then  100  lb.  of  mereur}  are  a<l ie  , 
the  operation  continued  with  the  muller  up  foi  1-  houi  .  . 

the  operation  is  finished  the  contents  of  the  pan  ax 
settlers.  The  sides  of  the  pan  are  made  of  sheet  iron  an 
with  wood.  This  is  done  because  it  has  been  ^  ^ 

mercury  forces  itself  through  the  pores  o  jogs 

that  there  is  a  loss  of  mereur}’  where  it  ea  • 
prevented  by  the  sheet-iron  sheath,  or  if  the’ pan. 

mercury  is  caught  in  the  groove  roun  JC  ^ 

In  th/Lyon  Mill  the  pan  i.  5  ft  in  ta*  ““L 

.loop.  tL  charge  i,  .'»  tone  of  dry  ^ ^  D.rtng 
with  water,  discharged  into  the  pan  through  a  1*  i  •  I  1 
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the  time  the  charge  is  being  made  the  niuller  revolves  seventy 
times  per  minute.  The  pan  is  filled  to  within  6  in.  of  the  top,  or 
just  as  full  as  it  can  hold  without  slopping,  the  pulp  being  in  a 
state  of  thick  mud.  The  shoes  are  always  raised  J  in.  from  the 
bottom.  Half  an  hour  after  the  charge  is  introduced,  40  lb.  of 
salt  and  74  lb.  of  acid  copper  sulphate,  containing  a  large 
amount  of  iron  sulphate,  is  added.  This  material  is  the  refuse 
from  the  crystallisation  vats  of  the  “  blue  stone  ”  manufactory 
owned  by  the  mill.  It  could  not  be  sold,  and  the  company  find 
it  cheaper  to  use  it  in  their  own  mill  than  to  re-crystallise  it. 
The  best  results  were  always  obtained  when  the  bullion  was 
made  designedly  very  base  through  the  addition  of  a  great 
excess  of  the  impure  copper  sulphate,  the  fineness  of  the  bullion 
was  therefore  purposely  kept  down  to  from  150  to  250.  One 
hour  after,  the  charge  of  100  lb.  of  mercury  is  introduced,  the 
full  amount  being  charged  at  one  time.  In  twenty-nine  days 
340  flasks  of  76  £  lb.  each  wrere  used  on  nine  pans.  The  pan 
revolves  for  three  hours  after  the  mercury  is  added,  and  is  then 
drawn  into  the  settlers.  In  the  Woodworth  Mill  the  settlers  are 
10  ft.  in  diameter,  3  ft.  deep,  and  the  arms  make  fourteen  revo¬ 
lutions  per  minute.  In  the  Lyon  Mill  they  are  8  ft.  in  diameter, 
4  ft.  8  in.  deep,  and  making  fifteen  revolutions  a  minute.  No 
mercury  is  ever  taken  from  the  pan  ;  it  is  all  discharged  into  the 
settler  from  a  pipe  in  the  bottom.  Water  from  a  2-in.  pipe  runs 
into  the  pan  while  it  is  discharging,  until  the  settler  is  filled  to 
within  6  in.  of  the  top.  The  settlers  are  so  large  that  sufficient 
water  can  be  run  into  them  to  cause  the  settling  of  most  of  the 
float  mercury  and  amalgam.  Each  pan  has  its  own  settler  which 
is  kept  in  motion  during  the  whole  time  a  charge  is  in  the  pan. 
This  will  generally  be  about  three  hours  or  a  little  more  or  less, 
depending  on  whether  the  pan  takes  three  or  four  hours  to  work. 
It  is  emptied  three  quarters  of  an  hour  before  the  pan  is  ready  to 
discharge.  F rom  the  bowl  on  the  side  of  the  settler  the  mercun 
is  dipped  out  to  go  to  the  strainers,  which  are  surrounded  by  a 
sheet-iron  sheath,  reaching  nearly  to  the  bottom  of  a  large  iron 
vessel.  After  straining,  the  amalgam  is  weighed.  It  contains  six 
parts  of  mercury  to  one  of  silver.  It  is  retorted  in  the  usual 
way,  and  is  worth  from  SO. 50  to  S0.60. 
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The  loss  in  mercury  is  only  l  lb.  to  the  ton ;  but  this  exceed- 
ingly  small  loss  is  owing  to  the  fact  that  when  blanket  concen¬ 
trates  are  treated  there  is  a  gain  in  mercury  from  them  which 
reduces  the  apparent  loss.  In  one  of  the  mills  of  this  vicinity, 
where  twenty  pans  were  run  on  tailings  alone,  nine  basks  of 
mercury  were  gained  over  and  above  all  the  losses  in  six  weeks. 
The  real  loss  is,  therefore,  much  greater  than  in  working  the 
pans.  When  ore  is  treated  alone  in  the  Woodworth  Mill,  the  loss 
is  If  lb. 

In  retorting  the  amalgam,  the  retorts  were  charged  with  1700  lb. 
of  amalgam  and  the  temperature  gradually  raised.  Towards  the 
last  the  furnace  was  made  very  hot  and  the  tire  then  allowed 
to  die  out.  The  retorts  were  opened  at  the  end  of  twenty-four 
hours.  In  the  retorted  amalgam  a  very  singular  separation 
was  found  to  have  taken  place.  On  account  of  the  large  amount 
of  copper  sulphate  used,  the  bullion  is  very  base,  especially  in 
copper.  The  retort  metal  comes  from  the  retort  in  the  shape  of 
a  half  disc,  Fig.  184*,  which  is  divided  into  two  distinct  layers, 


a  ~  Copper, 
b  -  Silver 


Fig .  181 


the  upper  one  a  is  a  more  or  less  spongy  mass  of  a  m  1* 
brown  colour,  and  comparatively  brittle,  which  is  11C 
copper,  and  contains  the  gold,  if  there  has  been  am  in  t  le  1 
and  some  iron.  It  is  called  the  “base  bullion  an<  tl 
about  .070  fine,  and  rarely  goes  to  .090.  The  low  a  pal  ’ 
h»  teen  next  the  hotly  of  the  retort,  »!»«*»)' 
white  in  colour,  but  with  a  slightly  reddish  tinge,  con  ^ 

most  silver,  and  is  called  the  “  white  bullion.”  It  ax  crag  * 

450  fine,  but  is  sometimes  as  low  as  -  ■  and  half 

to  be  crushed,  and  as  it  was  general  y -nu  impUrities  are 

copper,  it  was  refined  with  great  difficu  .•  twQ  layers 

copper  and  iron.  As  it  comes  from  bullion  amounts 

can  he  easily  separated  with  a  chisel. 
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to  from  two- thirds  to  four-fifths  of  the  total  weight  of  the  retort 
metal.  The  proportion  varied  both  with  the  amount  of  silver 
contained  and  the  method  of  filing.  A  great  many  experiments 
were  made  to  diminish  the  proportion  of  white  metal  in  order  to 
lessen  the  amount  of  sulphur  to  be  used  in  treating  it,  but  it  was 
always  found  that  doing  so  diminished  the  proportion  of  silver 
and  the  concentration  of  gold  in  the  Dor^  bullion.  It  was  always 
found  best  to  retort  thoroughly  and  produce  as  much  fine  silver 
as  possible.  From  each  cake  taken  from  the  retort  three  slices 
were  taken,  one  from  the  middle  and  one  from  each  end,  with  all 
their  dirt,  for  assay.  The  samples,  once  taken,  the  base  and  the 
white  metal  were  separated,  and  were  sampled  dowrn  to  6  lb.  of 
white  and  5  lb.  of  base  metal,  these  being  the  charges  for  the 
small  black-lead  crucibles  used.  Each  assay  was  repeated  fonr 
times. 

Annexed  are  a  number  of  assays  of  this  metal.* 


Experiments  in  Refining  Bullion,  1873-4. 


The  “  White  Bullion .” 


Fineness  by  Assay.  Ounces  contained. 


Date.  Ounces. 


Silver.  Gold. 

Fine 

Metal. 

Silver.  Gold. 

Fine 

Metal. 

Nov.  8,  1873 

...  2872.3  1 

)•  430.55 

2760.0 

»  15,  „ 

...  3528.4  | 

0.65 

431.2 

2755.8 

4.2 

,,  24,  „ 
Dec.  2,  ,, 

...  3557.5  1 

...  2916.0  | 

[  433.0 

0.5 

433.5 

2803.0 

3.3 

2806.3 

-  *>,  „ 

>>  22,  ,, 

...  2828.5  1 

...  2682.7  J 

■  477.75 

0.55 

478.3 

2C33.C 

3.0 

2636.0 

»>  2"»  »» 

...  2624.4 

485.75 

0.55 

486.3 

1274.8 

1.4 

1270-2 

Total  ... 

...  21009.8 

)  -  1 

...  1 

9466.6 

11.9 

9478.5 

Alter  separation,  the  “  white  bullion”  and  “  base  ”  are  generally 
treated  differently.  The  white  bullion  was  heated  with  sulphur 
m  a„  old  sulplnaric  acid  parting  kettle  with  a  cast-iron  cover, 
ieh  t\  as  luted  on  to  it.  The  kettle  was  charged  with  whatever 

W,T„made  by  Mr-  HodS**,  superintendent  of  the  refining 
years  1874  i  c^r  ^  u  /  an<*  communicated  to  me  at  my  request  during  the 
proL  il  theT  “  8iDCe  publi8he‘l  »  detailed  account  of  the  whole 

Vol.  xiv.,  p.  731 ransact,ons  of  the  American  Institute  of  Mining  Engineers, 
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metal  was  on  hand  ready  to  be  treated,  at  times  as  much  as 
450  lb.  being  charged,  to  which  18  per  cent,  of  sulphur  was 
added,  and  was  heated  to  a  low  heat,  the  object  being  to  form  a 
sulphide  of  silver  and  copper.  To  facilitate  its  removal  after 
treatment,  old  barrel  staves  were  mixed  through  the  charge.  A 
small  amount  of  sulphur  escaped  during  the  process,  but  generally 
as  much  as  1G.7  per  cent,  combined  with  the  bullion.  The  result¬ 
ing  sulphides  were  crushed  and  roasted  to  form  copper  oxide  and 
silver  sulphate.  The  amount  of  lumps  in  the  crushing  amounted 
to  6.86  per  cent.  The  roasted  material  was  leached  with  hot 
dilute  chamber  acid.  The  base  bullion  is  broken  and  is  roasted 
in  a  reverberatory  furnace,  with  an  iron  hearth  8  ft.  long  and 
5  ft.  wide.  The  fireplace  is  2  ft.  wide,  4  ft.  long,  and  18  in. 
below  the  level  of  the  hearth.  The  fuel  used  is  wood.  The 
charge  is  400  lb.  to  500  lb,  which  is  the  result  of  a  day’s 
work  in  the  mill.  It  is  charged  at  night  in  a  hot  furnace 
which  has  been  used  during  the  day  for  roasting  stamp  copper 
for  the  “  blue  stone”  works,  and  left  there  until  morning. 
It  is  then  only  partially  oxidized,  but  is  sufficiently  so  to  be 
brittle  and  crush.  The  process  was  carried  no  further,  as  the 
metal  is  brittle  enough  to  crush,  and  the  oxidation  has  been 
carried  as  far  as  it  can  be  economically  done  on  large  masses. 
The  roasted  bullion  was  first  crushed  in  a  small  5-stamp  mill,  and 
made  to  pass  a  No.  4  screen,  and  is  then  roasted  in  the  same 
furnace  for  nine  hours  in  the  daytime,  when  the  oxidation  is 
made  complete.  A  Chilian  mill  was  subsequently  used  for 
crushing  it.  The  cost  of  crushing  was  $0,175  per  pound  foi 
white  and  $0,088  per  pound  for  the  base  bullion.  As  fhtie  ^ 
one  part  white  to  four  parts  base,  the  average  uas  CU1  P 
pound  of  retorted  bullion.  The  percentage  of  lumps  remain  e 
after  crushing  was  not  more  than  0.55  pci  cent. 

On  »„. page  .  number  of -V  of  "  ta»*  <-?***“££ 
mg  are  given  *  These  assays  are  the  averages  o  i< 
eight  aa-Lys  in  each  case.  The;.- 

roasting,  in  order  to  get  a  fairer  sa  p  ^  the  dust 

roasting.  There  is  no  appreciable  loss  m 
chambers  showing  but  little  dust. 

*  Made  by  Mr.  Hodges. 
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The  “  Base  Bullion  ”  after  Roasting. 


Date. 

Ounces. 

Fineness  by  Assay. 

Ounces  contained. 

Silver. 

Gold. 

Fine 

Metal. 

Silver. 

Gold. 

Fine 

Metal. 

Dec. 

0,  1873 

... 

9389.5 

67.15 

1.95 

69.1 

630.5 

18.3 

648.8 

»» 

26,  „ 

1C038.0 

70.05 

2.15 

72.2 

1123.4 

34.5 

1157.9 

Jan. 

1,  1874 

::: 

11066.2 

69.55 

1.75 

71.3 

769.7 

19.4 

789.1 

>> 

6,  „ 

15032.0 

69.7 

1.8 

71.5 

1047.7 

27.0 

1074.7 

»» 

9,  » 

10242.5 

68.55 

1.75 

70.3 

702.1 

17.9 

720.0 

Total 

...I 

01768.2 

4273.4117.1 

4390.5 

Total  number  of  ounces  in  the  bullion 

treated  . . . 

... 

13740.0129.0 

13869.0 

Total  number 

of  ounces  in 

the  fine 

bars  shipped 

... 

... 

13678.7 

127.9 

13806.6 

Loss  in  refining  i  ounces  ... 

61.3 

11  f 

62.4 

1  (  per  cent. 

... 

0.45 

0.85 1 

0.46 

I1  roin  the  roasting  furnace  the  bullion  of  several  days’  roasting, 
or  from  800  lb.  to  1000  lb. — the  products  of  the  roasting  of  the 
two  bullions  being  generally  kept  entirely  separate — is  charged 
into  a  lead-lined  tank  5J  ft.  in  diameter  and  3  ft.  9  in.  deep,  and 
a  solution  of  chamber  acid  at  20  deg.  Beaume  from  the  company’s 
sulphuric  acid  works  poured  over  it,  steam  being  introduced  into 
the  liquid  to  make  it  hot.  The  acid,  if  it  was  pure,  is  not  strong 
enough  to  dissolve  the  silver,  but  as  it  is  chamber  acid  and  con¬ 
tains  some  nitrogen,  some  silver,  and  all  the  copper,  is  dissolved. 
The  liquid  is  drawn  off  and  the  silver  is  either  precipitated  from 
it  with  salt,  or  by  boiling  with  copper  from  twelve  to  twenty- 
four  hours.  If  the  silver  in  solution  is  precipitated  by  salt,  it  is 
decomposed  by  zinc,  and  the  silver  after  washing  melted  with 
the  rest  of  the  silver.  If  by  copper,  the  copper  sulphate  is 
syphoned  off  and  sent  to  the  “  blue  stone”  works.  If  strong 
enough  it  was  at  once  crystallised.  If  too  weak  the  copper 
was  precipitated  with  iron.  The  cement  copper  was  melted  into 
bars  and  used  to  precipitate  the  silver. 

In  the  tank  there  remains  the  undissolved  silver  and  all  the 
gold.  This  is  transferred  to  leaching  vats,  4  ft.  long  and  wide 
and  2  ft.  in  depth,  and  the  precipitated  silver  added  to  it,  when 
it  is  washed  until  it  is  entirely  “sweet.”  As  the  amount  of 
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impurity  is  large  it  will  require  considerable  washing.  It  is 


Cost  or  Refining  80,394  lb.  Retorted  Bullion.* 


Per 

Cent. 

Per 

Pound 

Bullion. 

Per 

Pnd. 

Blue- 

stone. 

! 

$ 

$ 

cents. 

cents. 

f  Wages,  525  shifts 

Roasting, 

©  $3.10  .  .  . 

1029.9G 

crushing,  and 

J  Fuel,  80  cords  <3* 

sulphurising 

$7.85  .  .  .  . 

C70.14 

(Sulphur  .  .  . 

00.94 

2,307.04 

15.1 

2.05 

0.79 

f  Wages,  586  shifts 

©  $3.70  .  .  . 

2100.50 

Dissolving  , 

Fuel,  240  cords  © 
‘  $7.85  .  .  .  . 

1883.03 

Acid,  302,053  lb. 
(,  ®  1.33  cents.  . 

4038.15 

8,088.28 

51.7 

9.05 

2.08 

f  Wages,  27i  shifts, 

90.25 

Concentrating 

1  ©  $3.50  .  .  . 

\  Fuel,  77  cords  © 

\  $7.85  .  .  .  . 

004.02 

700.87 

572.09 

4.5 

0.78 

0.64 

0.23 

Ciystallising 
and  packing 

/Wages,  1G0  shifts 
\  ©  $3.58  .  .  . 

1 

3.7 

0.20 

Cooperage 

f  Wages,  70  shifts 
•  <&  $3.61  .  .  . 
f  Material  .  .  . 

275.03 

115.20 

390.23 

2.5 

0.43 

0.14 

Repairs 

f  Wages,  70*  shifts 
\  ©  $4. 17  .  .  • 

319.05 

( Material  .  .  • 

243.22 

502.87 

3.0 

0.03 

0.20 

General 

2,951.19 

18.9 

3.30 

1.03 

Total  manufacturing  cost  . 

15,632.57 

7,205.85 

100.0 

17-48 

8.00 

5.27 

2.38 

Copper  48,039  lb.,  paid  for  ©  15  cents  .  . 

7.05 

1.70 

2.54 

Total  amounts  charged 

22,838.42 

25.54 

Wages,  1451  shifts  o*  $ 3.49 

5,05‘.).48 

7,021.90 

2,951.19 

32.4 

48.7 

5.06 

8.52 

Material  . 
General 

. 

18.9 

3.30 

1.03 

15,032.57  100.0 

1 

17.48 

7.05 

total  cost7 including  copper  (*->2,838.42),  wages  constituted  22  per 
cent.  ;  material,  05  per  cent. ;  general,  13  per  cent, 
washed  twice  a  day  for  three  or  four  days  for  which  teason  the 
bullion  must  be  left  to  accumulate  foi  f°ur  ‘ 

*  Trans.  Am.  Inst.  Min.  Eng.,  vcl.  *iv.,  P- 
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As  the  silver  is  in  a  very  fine  state  of  division  it  is  dried  by 
pressure  in  canvas  bags,  and  melted  in  black-lead  crucibles  to 
refined  Dore  bullion.  The  refined  bullion  from  the  bags  is  .950 
to  .975  fine  in  silver,  and  .025  in  gold.  When  the  refined  bullion 
and  white  bullion  are  melted  together,  as  it  sometimes  was,  the 
product  is  .550  to  .560  fine  in  silver  and  .002  to  .005  in  gold. 

The  statement  on  page  463  of  cost  was  taken  from  the  Lyon 
Coinpanj’s  books  for  1876  at  a  time  when  prices  were  unusually 
high.  It  gives,  however,  the  details  from  which  the  cost  of  the 
treatment  at  the  present  time  may  be  estimated. 

The  following  Table  gives  the  value  and  quantities  worked  in 
the  tail  mills  of  White  Pine  County,  Nevada,  in  1879.* 

No.  of  Value  Gross  Cost  of  Net 

Name.  Tons  per  Ton  Yield  Extraction.  Yield 

Treated,  in  Dole.  in  Dnls.  in  Dole.  in  DoIh. 
Union  Mill  Co.  ...  7,155  3.89  27,840.81  19,545.49  8,301.32 

Lyon  Mill  &  Mining  Co.  35,329  3.58  128,177.00  110,555.55  11,021.45 

Woodworth  Mill  Co....  11,518  5.53  47,154.12  48,515.38 

French  Mill .  1,500  8.09  12,625.12  2,720.00  9,905.12 

Atlanta  Mill  Co.  ...  4,580  3.21  18,929.24  10,905.00  2,024.24 

Eureka  Mill .  3.23  8,399.73  6,330.85  2,002.88 

Pacific  Mill  Co.  ...  12,150  12.47  149,044.15  83,85G.OO  05,788.15 

One  of  the  most  difficult  problems  in  the  treatment  of  tails 
which  has  been  successfully  dealt  with  has  been  at  the  Tomb¬ 
stone  Mill  in  Arizona^  The  process  which  was  adopted  was  con¬ 
centration  supplemented  by  fusion  in  a  shaft  furnace.  The  ore 
of  the  mine  was  at  first  composed  almost  entirely  of  silver  chloride 
with  a  little  sulphide.  It  ran  60  oz.  in  silver,  oz.  of  gold,  and  3 
per  cent,  of  lead,  with  some  manganese  and  iron  oxide.  With  the 
depth  of  the  mine  the  proportion  of  the  silver  sulphide  increased 
and  that  of  chloride  diminished,  and  in  addition  some  compounds 
of  tellurium  appeared  in  the  ore,  whose  exact  composition  could  not 
be  ascertained,  as  it  occurred  as  very  minute  specks  scattered 
through  the  ore,  which  rendered  the  treatment  very  difficult. 
While  the  chloride  remained  in  excess,  neither  salt  nor  blue  stone 
was  necessary,  and  85  per  cent,  of  the  silver  and  45  per  cent,  of  the 
gold  was  saved,  the  bullion  being  880  fine.  When  the  ore  changed, 
the  use  of  these  substances  became  indispensable.  The  bullion, 

*  “  Production  of  Gold  and  Silver  in  the  U.S.,”  Burchard,  1880,  page  107. 

t  Reports  of  the  Tombstone  Mill  and  Mining  Co.  from  1881-1880. 
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however,  would  sometimes  run  down  to  400  or  500  notwithstand¬ 
ing  their  use,  the  base  metal  being  always  lead.  The  mines  were 
at  Tombstone  and  the  mill  at  Charlestown,  ten  miles  distant 
The  ore  was  stamped  wet,  settled,  and  the  pulp  was  treated  in 
pans  and  discharged  from  the  settlers  into  tail  reservoirs,  made 
by  throwing  up  dams  of  earth.  Nothing  was  to  be  gained  by 
leaving  the  tails  exposed  to  the  air,  and  the  ore  was  already 
thoroughly  oxidized.  This  was  shown  by  the  fact  that  a  second 
amalgamation  of  the  tails  yielded  only  $1.50  to  the  ton.  Con¬ 
centration  on  a  large  scale  seemed  to  be  the  only  practical 
method,  as  the  experiments  previously  made  had  not  been 
successful  unless  the  ore  contained  at  least  8  to  10  per  cent,  of 
lead,  and  those  of  this  mine  contained  on  an  average  but  three, 
and  even  when  their  concentration  had  been  made,  there  seemed 
to  be  no  practical  way  of  treating  them,  as  there  was  no  iron  ore 
for  Hux  to  be  had.  The  ore  beside  is  extremely  friable,  and  all 
the  material  which  must  be  treated  has  been  stamped  through  a 
80  to  40-mesh  screen,  and  has  been  reduced,  to  commence  with,  to 
a  maximum  of  from  one-fortieth  to  one-sixtieth  of  an  inch  in 
diameter  to  prepare  it  for  the  pans,  where  it  is  again  ground  for 
hours,  which  not  only  increased  the  proportion  of  fine  materials 
up  to  00  per  cent,  but  made  them  sticky  by  trituration.  Ex¬ 
periment  showed  that  the  tails  could  be  concentrated  either  on 
the  Frue  Vanner  or  on  German  rotating  round  tables,  but  it  was 
found  in  treating  them  that  the  very  fine  slimes  ran  over  the 
tables  on  which  they  were  to  be  concentrated  without  depositing 
the  material  containing  the  silver.  This  defect  was  subsequently 
cured  by  using  buddies  instead  of  tables.  The  tails  of  this  mill 
do  not  generally  cany  more  than  3  per  cent,  of  lead,  50  per  cent, 
of  their  weight  being  the  finest  possible  slimes.  It  yvas  supposed 
that  the  material  resulting  from  the  concentration  treatment,  was 
so  very  fine  as  to  effectually  preclude  any  success  in  woikim, 
in  a  furnace,  but  a  careful  trial  proved  that  this  idea  as 
founded.  There  were  found  upon  the  property  considers 
amounts  of  manganese  ore  carrying  20  oz.  of  m1n*i  1°  t  > 
which  would  neither  amalgamate  or  concentiate,  but  v 
used  successfully  as  a  flux  for  the  fine  slimes  in  tin,  ^U11  ’ 

not  only  regained  the  silver  in  the  slimes,  but  that 
VOL.  I.  2  H 
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ganesc  which  could  not  have  been  otherwise  saved.  While  the 
percentage  of  silver  extracted  by  amalgamation  in  the  pan*  was 
reasonable,  the  amount  of  gold  was  very  small  To  raise  this,  as 
well  as  to  gain,  if  possible,  a  larger  part  of  the  value  of  the  tails, 
Mr.  John  A.  Church  made  the  following  experiments,  which  have 
been  placed  as  far  as  possible  in  chronological  order,  in  order  to 
show  how  the  present  method  of  working  was  arrived  at.  In 
1881,  after  a  series  of  preliminary  experiments  made  for  the 
purpose,  six  Frue  Vanners  were  erected,  and  commenced  to  work 
regularly  by  the  end  of  February,  1882.  In  January ,  1883,  two 
revolving  buddies  were  built  as  tail  machines  to  the  Frue  ^  aimers 
and  worked  with  such  success  that  others  were  erected  to  supple¬ 
ment  them.  The  method  of  working  adopted  was  as  follows : 
The  richest  part  of  the  tail  reservoirs  were  selected  for  the 
experiment ;  the  dry  tails  were  thrown  into  an  agitator ,  where 
they  were  stirred  with  water,  and  the  heaviest  sands  settling, 
giving  the  first  concentrated  product.  It  was  richer  than  any 
other  product  in  gold  and  silver,  and  contained  enough  lead  to 
be  smelted.  What  was  carried  off  by  the  water  was  run  on 
to  the  Frue  Vanners,  where  a  finer  concentrate  was  obtained. 
After  concentrating,  the  tails  were  raised  in  a  belt  elevator  to  the 
round  table,  which  removed  about  one-third  of  the  silver  remain¬ 
ing  in  them.  From  this  table  the  finest  material,  which  still  ran 
off  without  concentrating,  was  delivered  to  the  second  table  of 
lighter  slope,  and  from  there  to  the  third.  The  Vanners  worked 


Per 

Cent 


13.31 

Weight  of  tailings  required  to  make  1  ton  of  concentrates.  7.5  tons. 
Percentage  saved,  by  value  :  silver,  41.29 ;  gold,  34.09;  lead,  50.61 

Cost  of  Working. 

Tailings.  Concentrate** 

labour  . Total  $9,072.40  Per  ton  $0,843  S0.3-* 

Applies .  „  873.13  „  0.070  0.57 


Assays,  per  Ton. 

Tons. 

Silver. 

Gold. 

Lead. 

Mill  tailings  treated  . 

.  11,407 

oz. 

13.21 

oz. 

0.22 

per  ct. 
8.00 

Production : 

From  the  agitator . 

93 

52.05 

0.48 

23.20 

From  the  Frue  Vanners  .. 

1483 

45/22 

9.58 

30.90 

Percentage  saved  by  weight 

. 

... 

... 

... 

$10,545.53 


$0,919  SO.  81 


Total  ... 
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perfectly  so  long  as  they  were  not  pressed,  but  when  the  amount 
passed  over  them,  reached  as  high  as  5  tons  per  day;  the  very 
hne  slimes  were  carried  over  them  and  lost.  The  necessity  of 
having  a  large  output,  and  the  difficulty  of  handling  them  wit), 

■such  facilities  as  could  be  had,  led  to  the  reconstruction  of  the 
mill. 

The  results  of  the  thirteen  months’  concentration  are  given  on 
page  466.  The  value  of  the  tails,  in  lead,  was  not  determined  by 
daily  assays  as  the  silver  was,  but  the  proportion  of  lead  was 
estimated  at  8  per  cent. 

The  extraction  of  silver  in  the  mill  was  about  80  per  cent, 
and  of  gold  about  45  per  cent.,  and  the  treatment  of  the  tailings 
increases  this  by  41.29  and  34.09  per  cent.,  respectively,  so  that 
the  final  results  arc  as  follows : 


Silver,  extracted  by  amalgamation  . 

>»  »,  concentration,  .20x41.211 

Total  . 

Gold,  extracted  by  amalgamation  . 

*»  ,,  concentration,  .55  x  34.00 


80  per  cent. 
8.20 

88.20 
45. 

18.7 


Total  .  03.7 

These  experiments  were  not  altogether  satisfactory,  but  the)' 
eventually  led  to  others  which  were  eminently  so,  and  as  a  result 
of  these  a  concentration  mill  was  built  at  Tombstone.  The  use 
of  the  round  tables  had  proved  so  successful  in  catching  the  fine 
stuff,  which,  when  the  work  was  pressing,  passed  over  the 
Vanners,  and  had  shown  so  decidedly  that  the  finest  slimes  could 
be  treated  on  them,  that  it  was  decided  to  use  them  altogether  in 
the  new  mill  for  such  material,  and  to  use  jigs  to  treat  the  coarse 
stuff,  and  to  size  the  material  as  far  as  possible.  This  mill  ''as 
designed  to  treat  the  tailings  from  a  20-stamp  mill,  treating 
40  tons  to  60  tons  a  day  as  they  ran  directly  from  the  pans  m 
current  work,  and  to  mix  with  them  at  the  same  time  the 
accumulation  of  old  beds  of  tails.  A  launder,  1000  ft.  in  lengt  , 
was  erected  to  bring  down  the  discharge  from  the  settle1  s  to  t 
concentrating  mill.  This  discharge  runs  in  flushes  from 
times  a  day,  each  flush  lasting  about  five  minutes,  and  canywg 
from  2J  tons  to  3  tons  of  ore  and  1200  gallons  of  water,  e  '' 
the  flushes  only  a  small  quantity,  and  that  of  the  bin 


468 


Treatment  of  Tails  at  Tombstone . 


is  allowed  to  run.  To  overcome  the  irregularity,  an  equalising 
box,  16  ft.  long  and  2  ft.  square,  was  placed  in  the  launder  which 
holds  back  the  excess  and  discharges  it  more  slowly  in  the  inter¬ 
mediate  periods  of  light  supply.  The  heavy  material  settled  in 
the  box.  This  was  washed  out  with  a  stream  of  clear  water, 
discharged  with  some  force  against  it.  In  this  way  all  the  water 
for  mixing  the  dry  tailings  passed  through  the  equaliser.  The 
dry  tails  were  shovelled  up  by  hand  into  the  launder  from  the 
equaliser,  and,  in  order  to  thoroughly  mix  the  two,  an  agitator 
was  used.  The  work  of  shovelling  was  stopped  when  the  tails 
were  sent  down  from  the  mill.  The  equaliser  is  a  rapid  running 
pug  mill,  formed  by  an  octagonal  box,  80  in.  across,  with  fixed 
arms  in  the  sides  and  a  central  shaft  carrying  a  strong  vertical 
basket  of  j-in.  iron  bars,  which  rotated  within  the  iron  rods 
projecting  from  the  side  of  the  lx>x.  The  shaft  revolves  10.) 
times  in  a  minute.  At  first  very  great  trouble  was  experienced 
from  the  constant  breaking  of  the  iron  rods  in  the  basket, 
and  the  consequent  stops  anil  repairs,  which  at  first  seriously 
increased  the  cost  of  concentration.  After  a  number  of  trials 
the  side  bars  were  shortened  and  the  basket  enlarged,  when 
over  10,000  tons  ran  through  it  without  a  break.  The 
agitator  has  worked  up  as  much  as  170  tons  of  the  tails  in  a 
single  day.  It  discharges  into  a  12-in.  bucket  elevator,  which 
raises  it  26  ft.  to  one  comer  of  the  top  of  the  mill. 

The  mill  itself  consists  of  two  sets  of  machinery,  one  for 
sizing  and  the  other  for  washing  the  pulp.  The  sizing  apparatus 
was  in  the  upper  story  of  the  mill,  and  consists  of  two  barrel 
screens  and  six  separating  hoppers.  Four  of  the  latter  have  a 
lising  current  of  water,  the  remainder  being  merely  settling 
tanks  with  discharge  at  the  bottom.  The  last  two  of  these  had  a 
capacity  of  600  gallons  each.  They  wrould  fill  up  entirely  during 
a  flush,  but  the  water  would  sink  in  the  interval.  During  the 
flush  there  was  a  great  increase  in  the  discharge,  which  showed 
itself  immediately  on  the  machines.  This  was  regulated  as  much 
as  possible  by  stopping  the  shovelling  of  the  dry  tails,  and  by 
storing  in  the  supply  tanks,  but  there  was  always  more  discharge 
at  this  time  than  others.  These  sorting  hoppers  did  not  work 
well,  because  they  did  not  separate  the  finest  slimes  from  the 
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coarse  «zes.  «n<l  all  the  concentrating  macLincs  which  were  Hired 
by  the  hopper,  receive,]  a  portion  of  the  slime,  which  folW 

W;th  t  r"at*ria,  ^  the  highly  iadined  tables  which 

were  not  muted  for  them.  Evert-  investigation  made  to  ascertain 
the  source  of  low  resulted  in  tracing  it  to  the  line  slimes  that  had 
never  rested  on  the  table*.  Once  deputed,  there  was  nodifficnltv 
.n  washing  them  quite  clean.  The  concentrating  apparatus  con- 
HSU  of  two  jigs,  with  two  trommels  with  punched  screen,  of 
*  ilL'  *even  Oamm  round  tables,  and  ten  dead  ties.  The  jig, 
are  of  the  ordinary  Hartz  pattern,  which  discharge  through  the 
bedding*.  They  have  a  quick  down  stroke  and  a  slow  return, 
and  inade  120  strokes  a  minute,  a  style  which  is  not  now  in 
vogue,  but  works  excellently  well  on  the  Tombstone  material. 
What  passed  through  the  trommel*  went  to  the  line  of  hoppers. 
All  that  remained  behind  went  to  the  first  jig.  The  second  jig 
was  supplied  from  the  first  hopper.  The  second,  third,  and  fourth 
hopper  supplied  the  three  round  tables,  and  the  fifth  and  sixth 
the  others.  The  round  buddies  are  15  ft.  in  diameter  with  a 
slope  from  7  in.  to  4|  in.  in  71  ft,  varying  with  the  coarseness 
of  the  material  to  be  treated.  Four  of  these  had  iron  frames 
and  three  were  built  of  wood.  Wood,  in  Arizona,  is  found  to  lie 
sufficiently  stable  when  the  frames  are  heavy  enough,  and  an* 
covered  with  sheet  iron  before  being  cemented.  All  the  surfaces 
are  made  of  Akron  cement.  This  surface  ’s  excellently  well 
adapted  to  hold  the  very  fine  slime  of  lead  carbonate  which 
finds  its  way  to  all  the  machines  in  spite  of  the  care  taken  to 
prevent  it.  The  buddies  revolve  105  times  in  100  minute*. 
Brushes  were  not  used,  the  material  was  cleaned,  and  th*  con 
centrates  worked  off  with  streams  of  water.  Although  cohered 
with  streams  and  jets  of  water,  these  buddies  uill  retain  hmt 
tliat  is  too  fine  and  light  to  settle  in  the  tanks  after  leavin^  1 
tables.  The  Table  on  next  page  gives  the  detail-  an  1  c  t 
treatment  at  a  time  when  the  richest  parts  of  th 
already  been  treated.  i  n 

With  slower  work  much  better  results  "uU1  ,at  ]20 
obtained.  Two  jigs  and  six  tobies  were  “  when 

tons  a  day,  but  they  often  did  treat  150  tons  > 

U»  UiLs  L,  „  L  th.t  the  jip  JW  «*  *  •*'  "“L  •“ 
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and  tended  to  roll  off  the  tables,  so  that  Fnie  Vanners  were  after¬ 
wards  exclusively  used  to  treat  this  part  of  the  tails  with  great 
success.  It  seems  probable  that  the  losses  might  be  still  further 
reduced,  but  very  doubtful  whether  they  could  have  been  brought 
down  lower  than  25  per  cent.,  except  by  crushing  the  coarse  parts, 
which  as  well  as  the  slimes  contained  the  silver.  The  experiment 
proved,  however,  conclusively  that  fine  slimes  can  be  treated  suc¬ 
cessfully  on  concentrating  machines.  The  quality  of  the  slimes 
was  excellent ;  they  contained  about  50  per  cent,  of  lead,  but  the 
percentage  of  silver  varied  with  the  richness  of  the  material  from 
which  they  were  concentrated.  Subsequently  a  seventh  round 
table  was  used  for  the  purpose  of  reducing  the  silica  in  the  fine 
slimes  used  as  a  binding  material  in  making  bricks  for  the 
furnace  with  success. 

As  it  was  found  that  it  was  quite  possible  to  treat  the  con¬ 
centrated  material  in  a  furnace,  in  September,  1882,  a  furnace 
was  erected,  which  was  run  for  a  short  time  only,  as  it  was 
found  impossible  to  get  a  sufficient  coke  supply.  Several  short 
runs  were  made  with  this  furnace  at  different  intervals,  but  with 
such  success  that  the  experiments  were  continued.  There  is 
nothing  of  special  interest  about  the  working  of  the  furnace.  It 
was  II  ft.  high,  with  iron  dust-chambers,  which  connected  with  a 
chimney  40  in.  in  diameter  and  80  ft.  high.  It  is  the  ordinary 
water-jacket  furnace  of  the  West.  It  started  in  May,  1884,  and 
ran  successfully  until  the  cracking  of  the  jacket  caused  it  to  be 
blown  out.  Until  November  of  that  year  the  breaking  of  these 
jackets  gave  a  great  deal  of  trouble,  by  either  cracking  near  the 
top  or  burning  out,  and  the  stoppages  were  frequent  and  ex¬ 
pensive.  In  November  the  cast-iron  jackets  were  replaced  by 
wrought-iron,  and  since  then  there  has  been  no  difficulty.  The 
wrought- iron  jackets  were  made  of  the  same  shape  as  the  old 
ones,  but  on  a  different  plan  from  the  ordinary  wrought  jacket. 
The  front  and  back  plates  were  made  of  soft  boiler-iron,  and  the 
cdfres  of  4J  in.  channel-iron.  The  front  plate  was  put  on  with 
rivets,  and  the  back  with  patch  bolts.  The  water  inlets  were 
made  of  cast-iron,  and  were  of  the  usual  shape.  These  jackets 
have  worked  most  satisfactorily  ever  since.  The  height  of  the 
stack  has  little  by  little  increased  to  30  ft.  It  was  found  that 
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large  quantities  of  dust  were  lost  in  the  escaping  gases,  so  that  it 
was  necessary  to  make  extensive  additions  to  the  condensing 
chambers.  The  tendency  which  the  lead  and  silver  had  to  pass 
into  the  slag  when  tine  dust  was  charged  without  bricking  was 
overcome  entirely  by  changing  its  composition.  The  fuel  used 
was  Colorado  coke ;  occasionally  English  coke  was  purchased. 
This  coke  was  not  always  of  good  quality.  The  charcoal  made  in 
the  country  was  so  poor  that  it  could  not  be  used  in  current  work, 
and  was  only  used  in  blowing-in.  To  meet  the  difficulty  presented 
by  the  sandy  condition  of  the  concentrates  they  were  at  lirst  made 
into  bricks  by  hand,  using  the  fine  slimes  as  a  binding  material. 
This  work  proved  itself  so  successful,  that  a  brick  machine  was 
introduced,  in  which  the  concentrates  and  flue  dust  were  mixed 
with  very  fine  slimes  from  the  tail  beds,  moulded,  placed  on  hacking 
pallets  and  dried  in  the  sun,  the  only  difficulty  in  their  use  being 
the  lack  of  clay  to  be  used  as  a  binding  material.  The  slimes 
contain  So  per  cent,  of  silica,  and  only  2  to  3  per  cent,  of  clay. 
They  do  not  have  the  compressibility  or  binding  power  of  clay, 
and  owe  what  binding  power  they  have  to  their  extreme  fineness, 
bor  this  reason,  burning  does  not  improve  the  quality  of  the 
bricks  enough  to  pay  for  the  cost  of  doing  it,  and  it  was  sup¬ 
posed  that  the  possibility  of  running  the  furnace  would  depend 
upon  the  number  of  days  of  sunshine  in  a  week.  This  uncer¬ 
tainty,  however,  has  not  proved  the  impediment  that  it  was 
supposed  it  would,  for  repeated  trials  have  shown  that  this  very 
light  material,  so  fine  that  the  breath  will  blow  it  out  of  the 
hand,  can  be  smelted  even  without  bricking.  When  charged 
in  improper  proportion,  the  sand  sometimes  pours  out  of  the 
tu}  eres  unaltered,  but  when  the  furnace  is  properly  managed 
they  can  be  easily  worked.  The  great  objection  to  the  use  of 
sand  as  such  is  not  the  difficulty  of  treating  it,  but  the  large 
quantity  of  flue  dust  made,  so  that  the  sands  alone  are  not  treated, 
if  the  weather  has  been  clear  enough  to  have  a  stock  of  sun-dried 
bucks  on  hand.  W  hen  the  furnace  was  blown  in,  no  lead  could 
be  had  to  protect  the  hearth.  It  was  therefore  blown  in  on  con- 
centrates  that  had  been  specially  prepared  for  the  purpose. 

As  the  lead  in  the  ore  was  carbonate,  there  was  no  difficulty  in  its 
reduction.  The  main  trouble  was  the  fine  condition  of  the  material 
to  be  tieated.  The  low  fusing  point  of  the  manganese  which  had 
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to  be  used  as  a  flux,  it  being  the  only  substance  suitable  for  the 
purpose  found,  had  the  disadvantage  that  it  allowed  the  less 
fusible  material  to  settle  out  of  it  and  rapidly  fill  up  the  hearth. 
The  almost  complete  absence  of  sulphur  in  the  tails  treated  caused 
speisse  to  form,  which  generally  ran  out  with  the  matte,  but,  if 
the  flow  was  stopped,  this  cooled  almost  immediately,  and  formed 
engorgements  which  it  was  almost  impossible  to  melt.  The  use  of 
manganese  as  a  flux  after  a  number  of  trials  proved,  however, 
successful,  and,  as  it  contained  some  silver,  added  to  the  value  of 
the  product.  W  hen  the  charge  wTas  very  basic  50  tons  to  55  tons 
could  be  treated  in  a  day  and  without  danger  of  engorgement. 
With  a  more  acid  charge  there  was  less  difficulty,  but  only  40 
tons  could  be  treated.  The  composition  of  the  slags  varied  from 
day  to  da}',  but  they  were  always  clean,  and  very  free  from  both 
lead  and  silver  owing  to  the  manganese  they  contained.  The 


usual  composition  of  the  slag 

is  given  below  :• 

Silica . 

20.60 

Manganese 

43.25 

Protoxide  of  iron 

11.56 

Lime . 

7.50 

Alumina 

6.34 

Lead . 

1.40 

Total 

00.65 

The  furnace  work  from  September  1,  1882,  to  March  31,  1883, 

consumed  the  following  materials  : 

Tons. 

Percentage  of  Charge. 

Concentrates  . 

438 

23.65 

Tailings . 

438 

23.65 

Ore  . 

47.02 

2.70 

Manganese 

625.25 

33.80 

Silver  bearing  material 

Limestone 

33.02 

1540.17 

1.80 

1 14.40 

13.80 

Slag  recharged . 

260.80 

Cleanings  recharged  ... 

6.00 

Fluxes . 

200.82 

16.20 

1848.09 

100.00 

Colorado  coke . 

168.17 

English  coke  . 

8100 

Charcoal . 

67.84 

317.01 

17.15 

. . 317.01 

Total  materials  ...  2106.00  tons. 

“  School  of  Mine  Quarterly,”  vol.  v.,  p.  21. . 
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Production,  2708  bars ;  144.88  tons,  containing- 


In  bullion  shipped,  131.95  tons 
»»  on  hand,  12.93  tons 

Market  value  of  bullion  shipped 

Total  value  . 

Freight  and  charges 

Net  return 


Silver. 

Gold. 

Lead. 

oz. 

oz. 

lb. 

40,883.57 

298.81 

263,333 

4,654.80 

34.00 

25,537 

45,538.37 

332.81 

288,870 

$44,170.18 

$6,013.22 

$9,068.52 

$59,251.92 

4,189.61 

$55,062.31 

is  as  follows 

,  the  return  from  the 

voblllltttCQ  I 

SSEST*---**-  .  «.<**» 

Keturns  from  93  tons  concentrates  amalgamated  .  5,500.00 

Total  product  from  re-working  tailings  .  $00,562.31 

tl  ,  v  bullion  made  was  sent  to  refining  establishments  in 

,  .  .  aS^‘  ^  '' 85  &°°d  grade,  fair  softness,  and  carried  a  much 

(-.ei  pioportion  of  gold  to  silver  than  the  ordinary  mill  bullion. 
*'  c°usideiable  part  of  the  silver  was  derived  from  manganese 
•  it  out  gold,  the  results  of  the  processes  have  shown  that 
met  lod  is  paiticularly  valuable  for  the  saving  of  gold, 
concentiates  sent  to  the  mill  during  the  year  1882-3 
Ti  *  in<*n  1|101e  (luar^z  and  less  lead  than  the  average  product. 
}  u  c  up  to  about  65  per  cent,  of  their  value,  and  were 
equentty  reconcentrated.  In  preparing  the  concentrates  for 
nace  tlu,y  were  mixed  with  about  half  their  weight  of 
me  s  lines  from  the  oldest  bed  of  tails.  It  was  expected  that 
m  w  lole  of  this  bed,  which  is  by  far  the  richest  portion  of  the 
8  could  be  smelted  without  any  concentration  at  all,  but  it 
its  1  I** IU]  ^  ^lat  ^  was  t°°  P00r  m  lead,  which  prevented 

whenTr  ( <!?C  rhe  cilfficuIt^r  experienced  in  operating  the  furnace 
so  o-rn  4  CJ\  !  •n^>t  Was  mac*e  to  utilise  the  concentrated  tailings  was 
m  1  seemed  to  be  insurmountable,  but  it  was  overcome 
a  fV?\  ama^oaniation  of  the  concentrates  proved 

the  oTiow^88  U  1  lat  ^  to  abandoned,  and  the  success  of 
work  alonl°n  Tf^ /0U11<i  ^  1)0  cloPenclenfc  entirely  upon  furnace 

with  water  and  floaTin^Tff  5**^  stirrin“  up  the  ^ 

obtained  of  .08  of  on^o  .  ^  ^  paH’  a  Sa"dy  resitluf  ,vas 
pei  cent,  of  the  whole  mass  of  tailings, 
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but  yielding  in  the  mill  $5500,  as  has  been  previously  shown 
This  amounts  to  48  cents  per  ton  of  tailings.  Changes  that  are 
necessary  in  the  treatment,  such  as  using  a  small  proportion  of 
concentrated  tailings,  prevented  any  close  reliance  upon  the 
results  obtained  at  first,  but  the  figures  below  give  the  results 
obtained ;  3800  tons  of  tailings  were  concentrated  during  the 
year  at  a  cost  of  $7.69  a  ton,  including  fluxes  and  ores  purchased 
for  smelting  with  them.  The  yield  after  smelting  was  found  to 
be  SI 6.05,  or  a  profit  of  $8.36  per  ton  of  tails.  The  cost  includes 


the  cost  of  construction,  mining,  and  all  other  possible  expenses. 
The  results  obtained  in  the  first  treatment  of  the  tails  were  not 
uniform.  The  sandy  portion  concentrated  best  at  first,  but 
experience  in  the  treatment  led  them  eventually  to  do  almost  as 
well  with  the  other  parts  of  the  ore.  The  result  of  twelvemonths’ 
workings  was  the  obtaining  of  1480  tons  of  concentrates  from 
10,417  tons  of  tails.  Of  these  concentrates  438  tons,  or  29TVth.s, 
were  smelted  with  an  equal  weight  of  tails,  so  that  the  quantity 
of  tails  represented  in  the  furnace  product  was  3540  tons.  This 
yielded  $61,000  or  819.61  per  ton  at  a  cost  of  $9.42  per  ton. 
The  amount  of  lead  in  the  charge  is  so  small  that  they  were  not 
able  to  treat  a  mixture  so  silicious  as  that  which  would  have 


resulted  by  using  equal  weights  of  concentrates  and  tails. 

The  Table  on  page  476  gives  the  operations  of  the  furnace  for 
the  years  1883  and  1884.  The  quantity  of  fuel  reported  includes 
waste  in  handling,  blowing  in  and  out,  and  all  other  items. 

In  the  table  of  production  the  quantities  given  are  distributed 
by  shipments  and  not  by  actual  current  product.  The  difference 
is  small,  and  in  a  yearly  statement  only  affects  the  closing 
month. 

The  cost  for  the  same  period,  the  furnace  having  tieated 

7764  tons,  is  given  below  : 

°  Total. 

Labour  .  $29,724.80 

Supplies  ...  ...  ...  44.714.93 

Ore  hauling .  10,636.89 

Bullion  hauling  . .  ...  1,290.94 

Repairs  and  renewals  1,214.13 

Flux  purchased  .  18,651.78 

Ore  purchased  ...  •  41,436. <3 

Lucky  Cuss  mining  10,689.2b 


Total 


Per  Ton. 
$3.83 
5.75 
1.37 
17 
15 
6.25 


$158,359.46 


1.38 

$18.90 


Weight.  Contents.  Value. 
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The  product  of  the  furnace  from  April  1st,  1883,  to  March 
3 1st,  1884,  was: 
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Details  of  Furnace  Working. 

Furnace. 

April  1st,  1883,  to  March  31 st,  1884. 


Materials  used. 


Day*  run .  270 

Tons  per  T  Percentages  T  .  , 

Charge.  lotai*  of  Charges.  ToUl< 

Number  of  charges  ...  21,820 

Weight  of  charge . 

0.300 

8,512.152 

n  fluxes . 

0.083 

1,815.580 

Concentrates  slums  and  flue  dust 

0.137 

2,000.000 

0.352 

Ore . 

0.052 

1,130.082 

0.132 

Manganese . 

0.1C1 

3,611.000 

0.412 

Limestone . 

0.000 

124.070 

0.014 

Slag  and  cleanings... 

0.034 

748.000 

0.002  100.2 

American  coke  . 

1,200. 180^| 

English  „  . 

404.000] 

►  ...  21.320 

Charcoal  . 

52.400 

Product : 

Number  of  bars  . 

11,851 

Shipments,  tons . 

054.470 

Containing  silver,  ounces... 

103,500.7 

»»  gold,  . . 

1,178.0 

n  lead,  tons  . 

045.84 

When  silver  ores  or  tails,  as  they  frequently  are  called,  are  com¬ 
posed  of  minerals,  some  of  which  are,  and  others  are  not,  attacked 
hy  mercury,  and  the  ore  is  so  poor  as  not  to  hear  the  expense  of 
roasting,  they  can  very  often  be  concentrated  to  advantage  both 
before  and  after,  or  either  before  or  after  the  treatment  in  the 
pans.  It  was  formerly  considered  that  concentration  of  the  pan 
tails  was  always  more  advantageous  than  the  concentration  of 
the  ore,  but  under  some  circumstances,  as  in  the  case  of  the 
Montana  Company,  both  are  practicable,  though  it  will  generally 
be  lound  most  advantageous  to  concentrate  the  pan  tails,  when 
the  ore  contains  silver  chlorides,  but  it  will  sometimes  be  wise  to 
concentrate  the  ore,  especially  when  the  amount  of  sulphurets  is 

large.  It  is  apparent  that  this  concentration  of  low' -giad(  ores 

loses  all  of  its  advantages  if  there  is  any  great  increase  in  the 
cost  of  the  treatment,  and  that  when  it  is  done  it  must  be  done 
ljy  a  treatment  as  nearly  automatic  as  possible,  and  in  con  j  line 
tion  with  such  processes  as  the  Boss  continuous  amal^amat 
system,  and  at  a  very  low  cost.  The  concentrates  mu^t  1  . 

rich  and  in  .small  amount.  Sometimes  they  aie  not  1,K  1 
one  to  three  percent,  of  the  original  ore.  After  concen  ia  ion 


478 


Treatment  of  Silver  Tailings. 

the  whole  of  the  tails,  if  they  are  worth  it,  can  be  passed  to  the 
regular  pan  amalgamation.  They  will  not  be  so  rich  as  the  ore 
before  amalgamation,  but  will  frequently  be  rich  enough  to  treat. 

lore  arc  also  some  rich  ores  which  have,  under  certain  local 
conditions,  been  concentrated  before  amalgamation,  and  have 
yielded  bettci  commercial  results  than  those  gained  by  the  more 
expensive  piocess  of  roasting.  How  to  treat  these  concentrates, 
when  obtained,  depends  largely  upon  circumstances.  The  treat¬ 
ment  of  a  veiy  small  amount  of  rich  concentrated  material  is  a 
^i}  different  matter  from  that  of  working  the  whole  original 
quantity  of  ore.  It  will  often  be  found  best  not  to  treat  these 
concentrates  at  the  works  where  they  are  produced,  but  to  ship 
them  elsewhere.  In  certain  cases  it  may  be  worth  while  to 
eiect  cheap  turnaces  for  fusing  them  with  other  ores,  or  to  roast 
and  amalgamate  them.  When  they  can  be  leached  raw  it  will 
often  be  wise  to  use  some  of  the  leaching  processes  for  a  part  of 
the  treatment,  and  to  concentrate  the  tails  if  they  are  worth  it. 
The  difficulty  in  concentrating  tails  has  always  been  to  get  a 
continuous  supply  for  the  concentrators,  hence  the  experiments 
made  at  Tombstone  to  overcome  it.  With  the  ordinary  system 
of  settling  in  tanks  which  is  used  in  most  of  the  silver  mills, 
it  is  almost  impossible  to  arrange  for  the  regular  feed  for  the 
concentrators  on  account  of  the  discharge  of  the  settlers 
being  made  at  irregular  intervals.  This,  however,  might  be  done 
by  arranging  the  operations  of  the  mill  so  as  to  discharge  the 
settlers  at  regular  times,  and  in  this  way  to  get  a  constant  How 
of  the  tails  without  using  too  great  an  amount  of  water,  but  it 
necessitates  a  considerable  amount  of  labour  and  trouble  in 
charging  and  discharging  the  pans.  It  can  only  be  successfully 
carried  out  in  large  mills,  and  in  a  small  one  would  be  too  com¬ 
plicated  and  expensive.  In  such  mills  a  remedy  could  be  found 
by  the  introduction  of  the  Boss  continuous  system.  The  most 
recent  experience  has  shown  that  this  process  will  give  at  least  as 
good  a  result  as  the  old  tank  system  which  was  so  many  years  in 
use,  and  that  it  affords  a  great  economy  in  handling  the  pulp- 
On  all  such  ores  as  that  of  the  Montana  Company,  the  advantage 
of  removing  the  sulphurets  from  the  ore  before  it  is  treated  in 
the  pans,  is  clear.  The  tails  from  the  concentration  can  either  be 


(K*  *1 


Concentration  Mill  of  tub  Montana  Co.,  treating  105  Tons  daily  of  tub  Tailing*  fuom  60-ktamf  Wet  Cruhhing 

Silver  Mill. 
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run  into  the  old  tanks  to  be  settled  and  treated  in  charges  in  the 
pans,  if  the  mill  is  an  old  one,  or,  better,  settled  in  spitzkasten,  as 
is  now  done  in  some  of  the  modem  mills,  and  treated  continuously 
by  the  Boss  system.  Some  of  the  more  modern  mills  and  some  of 
those  now  being  built  are  arranged  with  elevators,  so  that  either 
concentration  and  amalgamation,  or  the  reverse,  may  be  used, 
according  as  experiment  shows  one  or  the  other  to  be  most 
advantageous. 

The  Montana  Company’s  mill  at  Marysville,  Montana  *  is  an 
excellent  example  of  the  operation  of  these  principles.  This 
company  has  three  mills,  one  of  GO  stamps  treating  gold  ores,  and 
one  of  50  and  one  of  10  treating  silver  ores.  The  tails  from 
these  latter  mills  were  first  treated  by  amalgamation  and  then 
by  concentration,  as  it  was  found  possible  here  as  well  as  at  Tomb¬ 
stone  to  profitably  concentrate  them  before  the  second  treatment. 
The  tails  from  the  pans  were  brought  to  the  concentration  mill 
by  a  launder  C,  Figs.  185  to  187,  in  the  centre  of  one  side  of 
the  concentration  mill,  and  from  here  carried  to  distributing 
launders  D,  which  arc  connected  with  others,  E,  at  right  angles  to 
them  and  running  the  whole  length  of  the  building  on  either  side. 
These  launders  E,  as  shown  by  the  arrows,  are  divided  so  that 
each  spitzkasten  receives  one-fifth  of  its  supply,  which  is  brought 
down  by  the  pipe  F  into  the  very  large  pointed  boxes  G,  where 
the  settling  is  effected  and  the  discharge  on  to  the  Vanners  K, 
effected  by  means  of  the  launder  J  from  the  syphon  in  the  spitz¬ 
kasten.  The  overflow  water  from  the  boxes  on  the  opposite  end 
of  the  feed  is  quite  clear.  It  runs  through  a  pipe  I  into  the 
underground  sewer  H.  The  pulp  discharge  J  is  divided  into 
two  so  that  each  spitzkasten  supplies  one  Vanner.  When  the 
spitzkastens  are  properly  constructed  the  pulp  can  be  discharged 
on  to  the  Vanners  K,  thick  enough  for  good  working,  with  a  loss 
of  fall  of  not  over  2  ft.  The  percentage  in  the  tails  of  the 
Vanners  is  so  small  that  it  is  not  worth  consideration.  About 
November  15th,  I860,  this  company  decided  to  change  their 
process  for  silver  ores,  so  as  to  extract  more  of  the  precious 
metals  by  concentration  both  before  and  after  amalgamation. 

*  For  this  information  and  the  outa  I  am  indebted  to  W.  F.  MeDermot,  of 
Now  York. 
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The  ore  was  first  crushed  wet  and  then  amalgamated  on  copper 
plates,  then  concentrated,  and  the  concentrates  either  sold  to  the 
smelters  or  roasted  and  amalgamated  in  pans,  the  tailings  from 
which  are  concentrated  and  again  treated.  Continued  experi¬ 
ments  have  shown  that  the  ores  of  this  mine  can  be  treated  much 
more  profitably  by  the  pans  after  concentration  than  before. 
Twenty  Frue  Vanners  were  placed  in  the  50-stamp  mill,  and  four 
in  the  10-stamp  mill  at  a  cost  of  building  and  machinery  of 
$10,500.  After  nine  months’  work  the  twenty-four  Vanners 
yielded  $349,139,  which  was  all  profit  except  a  very  small  cost  of 
treatment.  All  experiments  on  these  ores  have  shown  a  result 
of  from  $8000  to  $10,000  in  favour  of  concentration  before 
amalgamation.  The  following  is  the  output  of  the  mine  in  both 
gold  and  silver  for  the  year  1886  : 

Crushed.  Concentrate*.  Yield  in  Bullion.  ToUI  Yield. 

Ton-stamp  mill  .  5,007  §08,734.25  §247,505.43  §310,239.08 

Jifty-stamp  mill  .  33,171  280,405.82  1,032,942.45  1,313,348.27 

New  sixty-stamp  mill  (30 

days  run)  .  3,550  9,704.5G  32,008.09  41,832.G5 

\  anner  house  (tailings 

from  fifty  stamps)  .  23,711.75  .  23,711.75 

41,728  §382,61  G. 38  §1,312,515.97  §1,095,132.35 
It  has  been  found  recently  desirable,  as  the  ores  contain  a  large 
quantity  of  sulphurcts,  to  change  the  order  of  treatment,  concen¬ 
trating  first  and  then  treating  in  the  pan.  The  advantage  of 
doing  so  is  shown  in  this  mill  by  the  fact  that  the  pulp,  being 
free  from  sulphurcts,  the  amount  of  mercury  lost  in  the  pans, 
which  was  formerly  1.55  of  a  pound  to  the  ton  of  ore,  was 
immediately  reduced  first  to  .8  of  a  pound  and  then  to  .62.  The 
bullion  at  the  same  time  was  brought  up  from  550  to  930  and 
even  950  fine  ;  there  has  also  been  a  much  smaller  quantity  of 
slag  f i*om  the  crude  bullion  fusion  than  formerly. 

Concentration  after  amalgamation  has  been  practised  for  a  very 
long  time,  but  its  application  to  low-grade  tails  like  those  at 
Tombstone  and  elsewhere  is  quite  new.  It  is  not  profitable 
except  on  the  condition  of  having  machinery  which  is  as  nearly 
automatic  as  possible.  W  hen  the  Boss  system  has  been  perfected 
there  are  many  large  bodies  of  low-grade  ores  as  well  as  tails  that 
can  be  worked  by  it  and  concentration  at  a  cost  of  from  $2.50  to 
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$3  per  ton.  In  the  condition  in  which  they  come  from  the  mines 
many  of  these  ores  cannot  be  commercially  amalgamated,  both 
because  of  the  loss  of  precious  metal  and  of  mercury.  Many  of 
these  ores  can  be  concentrated,  or  where  they  cannot  be  their 
tails  can,  so  that  either  by  concentration  and  amalgamation,  or 
vice  versd,  such  ores  can  be  made  to  pay.  In  some  cases  it  is 
oven  possible  by  either  one  or  the  other  of  these  treatments  to 
work  ores  which  could  not  be  crushed  dry  and  roasted,  as  the 
extra  cost  of  doing  so  would  more  than  equal  the  gain  in  doing 
it.  Such  treatment  has  been  carried  out  extensively  at  the 
Silver  King  Mine  in  Arizona  since  1877,  although  there  is  a 
roasting  plant  on  the  ground.  At  these  mines  the  ores  run  from 
40  oz.  to  GO  oz.  to  the  ton.  Since  1877,  4-ft  Vanners  were  used 
for  the  purpose  of  concentration.  In  the  year  1882,  the  very 
unusual  amount  of  92  per  cent,  of  the  ore  assay  was  recovered  by 
this  method.  The  value  of  these  concentrates  was  $1094  per  ton. 
In  the  year  1883,  the  amount  recovered  was  89  per  cent,  of  the 
assay.  In  August,  1886,  six  6-fk  Vanners  were  started  in  the 
mill.  By  January,  1887,  a  period  of  four  and  a  half  months,  they 
had  treated  10,178  tons  of  tails  from  the  twelve  4-ft.  Vanners  on 
which  the  first  concentrations  were  made.  The  average  amounts 
treated  on  each  of  the  C-ft.  Vanners  was  12£  tons  per  da} ,  uhich 
yielded  4.11  oz.  of  silver  per  ton.  These  were  concentrated  up  to 
45.48  oz.  The  quantity  of  material  treated  was  480.46  tons,  and 
effected  a  saving  of  21,509.47  oz.  The  tails  from  the  large 
Vanners  yielded  only  2.03  oz.,  or  7J  per  cent  of  the  value  of  the 
original  ore,  and  was  almost  entirely  composed  of  argenti  trous 
zinc  blende.  The  second  class  concentrates  contained  24.68  per 
cent,  of  blende,  2.23  of  galena,  and  33.35  of  barium  sulphate.  1  he 
surplus  water  of  the  original  pulp,  like  that  of  the  Monts 
was  carried  off' in  pointed  boxes.  This  method  of  concui  , 

either  before  or  after  amalgamation,  seems  likeh  to 
great  future  in  the  West. 
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CHAPTER  X. 

LEACHING  PROCESSES. 

For  a  number  of  years  it  has  been  evident  that,  with  certain 
classes  of  ores,  neither  the  smelting  nor  the  amalgamation  pro¬ 
cesses  have  given  satisfactory  results.  That  either  the  loss  of 
the  precious  metals  was  too  great,  or  that  the  process  itself  was 
too  costly  to  allow  of  the  treatment  of  rebellious  or  poor  ores. 
For  this  reason  attention  has  been  turned  to  leaching;  and  espe¬ 
cially  to  the  Von  Patera  process,  which  has  been  successfully 
introduced  in  a  number  of  works  for  treating  ores  to  which  no 
other  process  seemed  at  the  time  to  be  applicable.  But  even 
this  process  fails  where  the  quantity  of  base  metal,  especially 
lead,  increases  beyond  a  certain  amount,  as  these  metals  are 
dissolved  by  the  hyposulphites,  and  are  consequently  precipitated 
with  the  precious  metals,  causing  a  loss  of  the  reagent  and 
making  the  bullion  too  base.  None  of  the  older  leaching  pro¬ 
cesses  answer  the  purpose  where  the  quantity  of  lead  is  large. 
When  ores  or  tails  can  be  concentrated  so  as  to  give  a  product 
rich  enough  to  smelt,  the  problem  seems  very  simple.  The 
tails,  if  they  are  rich  enough,  can  then  be  submitted  to  some 
lixiviation  process  ;  or  when,  as  is  the  case  at  the  Old  Telegraph 
Mines,  silver  is  contained  as  chloride  in  oxidized  ores  having 
sufficient  lead,  they  may  be  first  crushed,  then  leached  for  silver, 
and  the  lead  and  other  minerals,  if  they  are  worth  it,  concen¬ 
trated  from  the  leached  product.  How  to  treat  an  ore  which 
cannot  be  concentrated,  and  which  contains  too  little  lead  to 
smelt  and  too  much  to  lixiviate,  has  been  one  of  the  most 
difficult  of  the  metallurgical  problems. 

In  the  simplest  case  the  lixiviation  processes  in  use  require 
that  the  silver  in  the  ore  should  be  transformed  into  a  chloride, 
since  metallic  silver,  or  any  other  of  its  compounds,  except  the 
chloride,  are  but  slightly  soluble  in  sodium  or  calcium  hypo- 
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sulphites.  Hence  there  is  always  a  loss  in  silver,  as  it  is  im¬ 
possible  so  to  conduct  the  chloruration  that  all  of  the  silver  shall 
be  converted  iuto  chloride.  How  to  extract  more  of  the  precious 
metals,  or  how  to  separate  that  contained  in  the  tails,  has  been 
the  important  question  which  seems  to  have  been  at  least 
partially  solved  by  the  Russell*  process,  which  proposes  a  solvent 
for  the  compounds  of  silver  other  than  the  chloride,  which  acts 
only  slightly  on  this  salt,  so  that  after  leaching  out  the  chloride 
the  tails  may  be  treated.  In  some  cases  the  ore  is  not  chloru- 
rised,  but  ouly  roasted  to  drive  off  the  excess  of  sulphur,  or 
in  the  case  of  slightly  rebellious  or  of  oxidized  ores  they  are 
not  roasted  at  all,  but  treated  directly.  It  has  been  found  that 
the  lead  dissolved  from  the  roasted  or  unroasted  ore  can  be 
separated  from  the  solution  as  lead  carbonate  without  the  loss  of 
any  of  the  other  metals.  This  discovery  is  most  important, 
and  its  application  is  very  easy. 

What  is  and  always  has  been  needed  is  a  process  applicable  to 
impure  or  poor  ores,  or  to  both  poor  and  impure  ores,  as  these 
are  those  which  are  most  commonly  found.  The  prices  of  labour, 
fuel,  and  transportation,  together  with  the  richness  of  the  ore, 
will  always  determine  whether  smelting  processes  can  be  em¬ 
ployed,  but  these  we  suppose  to  be  out  of  the  question.  The 
problem  is  how  to  treat  an  ore  to  which  neither  fusion  nor 
amalgamation,  either  on  account  of  the  insufficiency  of  the  capital 
or  the  actual  or  probable  richness  of  the  tails,  render  it  inex¬ 
pedient  to  treat  by  any  of  the  usual  processes. 

Yon  Patera  Process. 

When  the  ores  do  not  contain  much  base  metal  they  can  be 
treated  by  the  Yon  Patera  process.  This  process  of  leaching, 
which  is  based  on  the  solubility  of  silver  chloride  in  sodium 
or  calcium  hyposulphites,  did  not  attract  much  attention 
in  the  West  for  some  years,  partly  because  imperfect  experi¬ 
ments  made  with  it  in  a  small  way,  had  not  been  successful.  It 
had  also  been  thought  that,  while  the  price  of  salt  is  very  low  in 
these  regions,  it  would  be  impossible  to  use  any  amount  of  a 
reagent  which  was  high-priced  like  sodium  hyposulphite.  As  far 
*  Trans.  Am.  Inst.  Min.  Eng.,  vol.  xiii.,  p.  47. 


4$4 


The  lr<m  Patera  Pivccss.. 


as  the  chemicals  arc  concerned,  while  the  price  of  salt  is  very 
low,  all  the  salt,  in  any  process  where  it  is  used,  is  lost.  This 
expense  is,  therefore,  a  considerable  one  when  very  largo  quanti¬ 
ties  of  ore  arc  treated.  Though  the  price  of  sodium  hyposul¬ 
phite  is  high,  the  amount  consumed  is  extremely  small,  since 
all  but  a  very  small  portion  of  tho  liquid  is  saved,  ns  most  of 
it  is  regenerated  and  used  over  again,  tho  cost  of  this  reagent 
will  he  very  low.  There  are  very  few  places  in  tho  West 
where  lime  cannot  bo  had.  The  use  of  calcium  sulphide,  which 
is  so  easily  made  as  a  precipitating  reagent,  makes  it  quite 
possible  to  use  this  leaching  process,  as  this  substance  gradually 
transforms  tho  sodium  hyposulphite  into  calcium  hyposulphite 
tho  use  of  which  lnus  a  great  advantage  in  tho  treatment  of  ores 
containing  even  a  very  small  quantity  of  gold,  as  tho  calcium  hypo¬ 
sulphite  dissolves  nearly  the  whole  of  tho  gold,  and  allows  of  its 
Wing  extracted,  while  tho  sodium  hyposulphite  is  not  so  ctlicient. 
Tho  quantity  of  water  used  with  pan  amalgamation  must  always 
be  at  a  maximum,  even  though  it  is  used  over  again.  Tho  quantity 
used  with  hyposulphite  leaching  is  always  a  minimum,  since  all 
the  water  used  in  tho  process  can  bo  used  over  and  over  again, 
even  tho  washing  water  being  serviceable,  so  that  tho  loss  of 
water  will  bo  very  small.  In  addition  to  this  the  plant  which  is 
to  bo  used  is  a  very  cheap  one,  being  composed  of  roasting 
furnaces,  which  need  not  be  of  a  very  expensive  typo,  of  wooden 
tubs,  of  not  very  costly  materials,  and  requiring  for  tho  most  part 
only  low-priced  labour.  Tho  process,  however,  requires  careful 
watching  by  an  expert,  and  continual  assays,  in  order  to  see  that 
there  is  no  waste  of  silver  nor  of  the  reagent. 

Besides  this,  the  California  practice  invariably  associates  with 
the  pan  the  California  stamp,  which  has  always  been  considered 
one  of  the  best  machines  for  crushing.  In  tho  case  of  surface 
ores,  however,  especially  such  as  contain  silver,  cither  in  a  native 
state  or  as  chlorides  or  bromides,  or  where  they  contain  silver 
sulphide,  the  stamp  is  a  very  bad  machine,  because  it  tends  to 
bent  out  the  pieces  so  thin  that  they  Host,  or  in  case  of  brittle 
ores  to  make  Hour,  and  in  this  way  permits  of  their  being  carried 
off  by  the  water.  Later  European  practico  shows  that  this  has 
such  an  effect  in  enriching  the  tails  that  rolls  are  there  gradually 
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taking  the  place  of  stamps.  The  rolls  simply  crush  or  disinte¬ 
grate  the  material,  and  are  much  less  expensive  than  the  stamps. 
But  even  supposing  the  stamps  to  be  replaced  by  rolls,  the  rest 
of  the  amalgamation  plant— the  furnaces,  pans,  and  settlers— is 
costly,  requires  constant  repair,  and  must,  in  a  period  more  or 
less  short,  wear  out  and  be  replaced.  The  mercury  is,  too,  an 
expensive  and  troublesome  reagent.  The  consequence  is  that  the 
capital  required  for  a  leaching  plant  is  very  much  less  than  it 
would  be  in  a  milling  one.  The  leaching  process  is  also  applicable 
to  ores  containing  both  gold  and  silver,  for  when  sodium  hyposul¬ 
phite  is  used  after  the  ores  have  been  leached  for  silver,  the  tails 
can  be  treated  by  Plattner’s  process,  and  the  gold  and  silver  both 
recovered  in  a  state  of  high  bullion,  so  that  a  parting  process 
would  not  be  necessary,  and  when  calcium  hyposulphite  is  used 
they  are  recovered  together.  It  is  also  applicable  to  ores  very 
rich  in  silver  as  well  as  to  very  poor  ores,  whether  they  are  or 
are  not  very  impure  or  are  contaminated  with  other  metals,  since, 
when  it  is  worth  while  to  do  so,  small  amounts  of  copper,  cobalt, 
and  nickel  may  be  separated.*  There  is,  however,  a  limit  to  the 
quantity  of  base  metals,  especially  lead,  which  can  be  treated. 
This  will  depend  in  every  case  on  the  quantity  of  silver  and  on 
the  cost  of  reagents.  It  is  never  applicable  to  ores  which  contain 
lead  enough  to  smelt.  In  some  cases  where  the  ores  were  ^ry 
rich  in  pyrites  but  poor  in  gold  and  silver,  a  matte  concenti  ation 
has  been  made  and  the  extraction  done  on  the  roasted  matte. 
Such  an  application  necessitates  a  cheap  fuel,  but  the  concentra 
tion  can  be  carried  on  so  as  to  materially  reduce  the  «im<  m 
be  treated.  In  Mexicof  this  process  has  been  used  on  am 
gamation  tails,  containing  large  quantities  of  lead  an  } 
11.5  oz.  or  0.24  per  cent,  of  silver.  Where  no  lead  »  present, 
much  smaller  values  have  been  treated  in  the  Lnite  ‘ 
the  amount  of  sulphur  in  the  ore  is  vei}  sina  ’  1 
necessary,  in  order  to  get  high  chlorui  ation,  to  m 
pyrites.  It  has  been  found  that  highly  contain 

manganese  will  give  high  chlorurations  w  or0  raw  0r 

any  sulphur.  Whether  it  is  desirable  to  tieat 

*  “  Annales  des  Mines,”  Series  5,  vol.  viii.,  P*  1,1 ...  »  voj  jtxi-  (18731, 

t  “  Zeitschrift  fur  da.  Be^-Hiitten  und  Salmen-lVesen, 

p.  143. 
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after  chlorurising  or  oxidizing  roasting  must  be  determined 
in  every  case  by  experiment ;  but  whenever  a  furnace  is  used, 
the  dust  in  the  dust  chambers  must  be  well  chlorurised,  as  the 
silver  in  it  would  be  otherwise  lost,  but  the  fine  material  will 
become  all  the  greater  impediment  in  the  leaching. 

It  is  not,  however,  to  be  supposed  that  the  process  has  no 
disadvantages.  While  the  plant  is  very  inexpensive,  it  requires 
careful  attention  on  the  part  of  those  in  control  of  it,  for  although 
the  reactions  are  exceedingly  delicate  they  can  be  learned  by  men 
of  very  ordinary  capacity,  provided  they  are  properly  superin¬ 
tended  ;  but  the  least  carelessness  on  their  part,  either  in  the 
roasting,  leaching,  or  precipitation,  or  by  adding  too  much  or  too 
little  of  the  reagent,  involves  very  serious  losses. 

The  process  has  assumed  great  importance  of  late  years  from 
its  introduction  in  so  many  works,  and  especially  from  its  use 
at  the  Old  Telegraph  and  Lexington  Mills,  the  works  at  Triumfo, 
in  Lower  California,  and  from  the  erection  of  a  large  plant  recently 
at  the  Geddes  and  Bertrand  Mine,  in  Secret  Canon,  near  Eureka, 
Nevada,  where  a  poor  ore  full  of  impurities  is  treated.  In  the 
description  of  the  process  as  used  in  these  localities  no  mill  m 
particular  has  been  described,  though  most  of  the  details  refer  to 
the  Bertrand  Mill. 

The  analysis  of  the  ore  from  the  Bertrand  Mine  is  given  below : 


Silicic  acid 

... 

... 

50.25 

Iron  . 

... 

... 

8.00 

Zinc  . 

... 

7.02 

Lead  . 

... 

4.04 

Arsenic . 

0.73 

Antimony 

1.35 

Silver* . 

... 

0.17 

Lime  . 

4.92 

Magnesia 

... 

2.40 

Sulphur . 

... 

0.90 

Carbonic  acid  ... 

8.30 

Water . 

3.80 

Loss  and  oxygon 

... 

0.80 

Alumina 

... 

trace 

Bismuth 

»» 

Copper  . 

»» 

Potassium 

*> 

Sodium . 

... 

„ 

100.00 

*  About  $50  por  ton.  Most  of  the  ore  is,  however,  of  a  lower  grade  than  this. 


Crvshing  Ore  for  Leaching. 


487 


The  process  consists  of  seven  different  operations  : 

1.  Crushing  the  ore. 

2.  Drying  the  ore. 

3.  Roasting  it  with  salt. 

4.  Leaching  out  the  base  metals  with  water. 

5.  Leaching  with  hyposulphite  of  soda. 

6.  Precipitating  the  silver. 

7.  Roasting  the  sulphide  of  silver  and  melting  for  bullion. 


L  Crushing  the  Ore. 

The  ore  of  the  Bertrand  Mine  comes  from  a  higher  level  than 
the  mill.  It  is  brought  in  wagons  drawn  by  horses  and  is  dumped 
into  a  tunnel  leading  to  the  mill,  falling  through  a  shoot  into  cars 
on  a  track  running  into  the  highest  level  of  the  mill.  Eventually 
a  tunnel  will  be  run  directly  to  the  mine,  which  is  about  a  fourth 
of  a  mile  distant,  and  the  ore  will  come  to  the  miU  without 
previously  discharging. 

From  the  cars  the  material  is  dumped  upon  a  grizzly,  which 
is  an  inclined  iron  grating  allowing  only  the  small  pieces  to  pass 
and  sending  the  large  ones  directly  into  a  crusher,  which  after 
breaking  them  up  discharges  them  into  the  same  bin  into  which 
the  small  pieces  which  passed  through  the  grizzly  have  fallen. 

this  bin  the  ore  falls  through  a  shoot  into  cars  which  carry 
it  to  the  dryers.  In  some  works  the  large  pieces  pass  t  irough 
fwo  sets  of  crushers,  and  what  passes  through  the  grizzly  goes 
toto  a  second  crusher  set  fine,  into  which  all  the  ore  which  does 
,  .  the  sevens  also  falls.  The  ore  is  crushed  so  as  to  pass  a 

15  to  20-mesh  screen;  30-mesh  screens  were  first  used,  but  it  was 
found  that  the  material  did  not  discharge  from  these  as  well  as 
from  a  coarser  mesh,  and  that  there  was  no  necessity  of  treating 
're  finer  as  the  roasting  and  leaching  were  better  done  on 
''  coarse  ore_  Experience  has  shown  that  with  the  coarse 
screens  more  ore  can  be  treated  in  a  given  time,  as  it  leaches 
faster  and  there  is  less  fine  material  to  clog  the  filter.  With  fine 
ore  it  sometimes  takes  six  or  seven  days  to  leach,  and  even  then 
it  is  imperfectly  done.  In  making  an  examination  of  the  effect  of 
coarse  and  fine  screens  it  was  found  that  in  using  those  with  from 
twenty  to  forty  meshes,  31  per  cent  of  the  ore  passed  through; 
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from  40  to  60-mesh  screens,  14  per  cent. ;  from  GO  to  80-mesh 
screens,  G  per  cent. ;  and  finer  than  this  scarcely  an  appreciable 
quantity  passed,  without  mechanical  agitation  such  as  comes  from 
the  blow  of  the  stamp  or  the  agitation  of  the  screen.  The  size 
adapted  to  each  ore  can  only  be  determined  by  experience,  as  ores 
which  are  apparently  the  same  act  differently  in  leaching.  The 
limit  of  coarseness  depends  on  the  character  of  the  ore,  and  the 
way  the  silver-bearing  minerals  are  distributed  in  the  gangue.  The 
only  general  rule  that  can  be  given  is  that  the  ore  must  be  crushed 
just  as  coarse  as  is  consistent  with  perfect  chloruration*  in  the 
furnace,  which  can  easily  be  determined  by  trial.  This  question 
has  received  but  little  attention.  It  has  more  importance  than 
is  generally  attributed  to  it,  and  when  improperly  done  easily 
translates  itself  into  both  a  diminished  output  and  a  loss  of 
money.  It  may  be  said  in  general,  that  a  No.  10  wire  screen 
is  the  limit  of  coarseness  which  it  is  advisable  to  use,  that  in  most 
cases  a  screen  between  16  and  20  will  be  the  one  which  can  be 
used  to  the  greatest  advantage,  but  that  No.  30  will  rarely  be 
needed. 

The  ore  of  the  Bertrand  Mine,  wet  before  passing  through  the 
dryers,  assayed,  September  28th,  1882,  $26.71 ;  on  September  29th 
the  assay  was  $29.85,  and  on  the  30th,  $23.85.  These  assays 
were  taken  from  a  large  car  into  which  a  sample  from  every 
mine  car  is  thrown.  The  mean  of  these  three  is  $2G.80,  which 
is  a  little  low,  the  net  assays  being  about  $30.  They  are  given 
because  the  other  assays  are  made  on  charges  made  the  same  day. 

II.  Drying  the  Ore. 

The  ore  is  damp  when  it  comes  from  the  mine  and  is  taken 
from  the  crusher  to  the  dryers.  These  are  revolving  wrought-iron 
cylinders,  20  ft.  long  by  4  ft.  in  diameter  at  one  end  and  3  ft. 
at  the  other,  known  under  the  name  of  Pacific  dryers.  The  iron¬ 
work  for  the  dryers  weighs  about  10  tons ;  they  are  not  lined. 
The  flame  from  the  fireplace  runs  directly  through  them,  the  ore 
being  fed  at  one  end  automatically  by  the  Hendley’s  Challenge 

*  The  word  chloruration  is  used  to  describe  the  formation  of  chlorides  by 
means  of  salt,  in  contradistinction  to  chlorination,  used  to  describe  the 
formation  of  chlorides  by  means  of  chlorine  gas. 
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Automatic  Feeder,  and  dumped  out  into  cars  at  the  other  end  of 
the  dryer,  without  manipulation.  These  dryers  are  usually  heated 
by  a  fireplace  of  their  own,  which,  however,  is  not  absolutely 
necessary,  as  the  flames  from  the  Bruckner  cylinders  might  be 
made  to  pass  through  them  and  then  be  made  to  enter  the  dust 
chambers,  thus  utilising  a  large  amount  of  waste  heat.  When 
only  small  samples  of  ore  are  to  be  treated  they  are  carried  to 
a  special  bin,  and  put  through  a  Dodge  crusher,  which  is  used 
almost  exclusively  for  sampling.  Drying  floors,  made  by  passing 
the  waste  heat  through  flues  covered  with  cast-iron  plates,  are 
used  in  some  works.  This  saves  the  fuel  used  in  the  dryers ;  but 
this  economy  is  more  than  compensated  for  by  the  labour  required, 
the  dryers  being  automatic  in  their  action. 

After  the  ore  leaves  the  drier  it  is  carried  to  a  bin,  from  which 


it  passes  over  a  15-mesh  screen,  and  falls  through  a  shoot  in 
which  is  arranged  a  system  of  magnets  to  catch  any  pieces  of 
metal  which  may  have  accidentally  got  into  the  ore,  either  in  the 
mine  or  in  the  mill,  such  as  bits  of  broken  picks  or  drills,  as  they 
would  be  likely  to  injure  the  rolls  if  they  were  allowed  to  pass 
through  them.  The  ore  then  passes  through  two  sets  of  Krom 
rolls  'lG  in.  by  24  in.,  from  which,  all  that  passes  through  the 
screens  is  carried  by  a  chain  elevator  to  a  storage  bin  in  the 
upper  part  of  the  building.  What  fads  to  pass  the  screens  is 
carried  back  and  put  through  the  rolls  again.  The  ore  from  the 
rolls  assayed,  on  September  28th,  1882,  $27.75;  on  September 
29th,  $25.13,  and  on  the  30th,  $24.19. 


III.  Roasting  the  Obe  with  Salt. 

From  the  storage  bin  the  ore  descends  through  a  shoot  into  cars 
standing  on  a  track  scale,  where  it  is  weighed.  The  contents  of 
the  cars' are  dumped  into  a  hopper  above  the  Bruckner  cylinders, 
the  amount  of  each  charge  passing  into  the  hopper  being  carefully 
weighed.  The  moment  the  hopper  is  discharged  into  the  cylinder 
beneath  another  charge  is  put  in.  The  salt  is  not  weighed.  It 
is  measured  in  soap  boxes  which  contain  about  80  lb.  each,  and 
is  mixed  with  the  ore  either  in  the  dryers  or  in  the  hoppers ; 
formerly  5  per  cent  of  the  weight  was  mixed  with  the  ore. 
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This  amount  was  gradually  decreased  until  now  only  3  per  cent 
is  used. 

A  number  of  experiments  have  been  made  as  to  the  best  place 
to  add  the  salt.  It  was  for  a  long  time  the  practice  to  add  the 
salt  in  the  battery,  but  it  was  soon  found  that  heavy  stamps  were 
not  well  adapted  to  either  crushing  or  mixing  the  salt  It  was 
then  added  in  the  hoppers,  and  became  thoroughly  mixed  by  the 
movement  in  the  cylinders.  Now  it  is  added  in  the  dryers,  and 
by  incorporation  resulting  from  the  movement  there  and  in  the 
rolls  it  has  been  found  that  the  quantity  of  salt  may  be  con¬ 
siderably  reduced,  so  that  they  now  do  not  use  more  than  a  third 
of  the  salt  they  formerly  did.  Very  extensive  experiments  have 
been  made  in  Europe  on  the  best  place  to  add  the  salt,  in  the 
various  metallurgical  works  where  salt  is  used  for  the  extraction 
of  the  metal,  which  has  resulted  in  the  adoption  of  a  very  inge¬ 
nious  mixing  machine,  into  which  the  ore  and  salt  are  charged, 
which  has  produced  great  economy  in  the  use  of  salt  and  better 
subsequent  working.*  Both  methods  are  successful,  but  the 
introduction  in  the  dryer  seems  the  best,  as  it  takes  the  place 
of  the  mixer  in  the  European  methods.  At  first  2  per  cent,  of 
iron  pyrites  was  mixed  with  the  ore  in  order  to  insure  a  proper 
roasting.  The  quantity  was  diminished  little  by  little  until  now 
none  is  used.  In  most  cases,  however,  where  there  is  a  large  amount 
of  base  metals  this  addition  will  be  necessary. 

All  the  conveying  of  the  ore  is  done  with  chain  elevators  having 
pockets  6  in.  by  4  in.  These  are  used  for  the  dry  ore  only,  the 
chloridised  ore  is  not  elevated.  Repairs  to  these  chain  elevators 
are  very  easy,  for  when  a  link  is  broken  it  has  only  to  be  taken 
out  and  another  one  put  in,  or  if  for  any  reason  it  is  desirable  to 
make  the  chain  shorter  or  longer  the  links  can  be  readily  removed 
or  added. 

I  he  ore  is  now  ready  to  be  roasted.  This  may  be  done  in  an) 
kind  of  a  furnace.  Where  transportation  is  difficult  a  rever¬ 
beratory  furnace,  with  a  hearth  arranged  in  three  steps,  so  that 
the  ore  in  passing  from  one  to  the  other  falls  a  distance  of 
4  ft.  to  5  ft.,  would  be  the  best.  A  Stetefeldt  furnace  could 
also  be  used  to  advantage.  The  ironwork  of  this  furnace,  as 
Trans.  Am.  List.  Min.  Eng.,  vol.  xiv.,  p.  101. 
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it  is  in  pieces  of  no  vary  great  weight.  van  b»  vastly  trans- 
poriad.  loll  is  more  expensive  to  build  than  a  reverberatory 
furnace.  which  van  always  k*  vastly  adapted  to  any  kind 
of  find.  At  the  Bertrand  Milk  which  is  within  easy  reach 
Sau  Vranebeo  by  reilrwal  then'  are  four  Bntcknvr  cylinders, 
which  atv  T  ft.  in  diameter  and  I'd  ft.  long.  and  hold  a  charge 
of  about  5  tows.  Thv  is  tat  a  prolongation  td  thv 

axis  of  thv  furnace,  but  was  formerly  put  at  right  angles  ton. 
swath-  to  thv  inconvenience  of  thv  workmen.  Thv  cylinder  is 
driven  bv  friction  rotters.  of  which  there  atv  three  sots,  and  raw 
bv  a  gear-wheel  round  thv  Kxly  of  thv  cylindvr  as  tn  the  okh-r 
La.  Thv  wvw*  is  continuous,  thv  furnace  never  Wing  flowed 
to  Wore  «mL  As  soon  as  a  chan.-  H*  »**  *  ^ 

charge  is  immediately  **  itv  To  inttvxhKv  thv  charge  tW  man¬ 
hole  is  brought  uttdvr  thv  ho**  and  its  xahr.  .hrawtv  1«J> 
tvpbwd  and  thv cylinder  set  to  revolving 

annutxv  Thv  „rv  ^1  quantity,  if  it 

isexvxcdingdy  Lav  W  inuwluced  at 

has  not  airily  K'«  We  'aawont  -d  sulphur  arv  used. 

. ~^c i.  a. 

ration.  steam  *  1  ^  ^  v>f  sulphur.  arsenic.  and 

^  -  -  "^W 
amunony.  hut  •*  Aws  offnewg  very  cnee- 

rt  t  ~r  jl*. -v.  «*» 

to  saw*  this  roasting  an**  he  dene  w.th  greet 
i,  ,s  dos«*;-.  -  ^  ^  metals  separated  mw*  comrenmte 

«**  ***'  ,V  '  j_  V.*W  ^  the  US'  of  stvaat  at  thv 
**  thv  extra  e>*  ,he  wwti*:  m»*  W  dene  at  a  low 

nnsttw?  twT^pWts  of  W*d  arv  easily  fwsrWv.  there 

--tr’-;;.  .'v.r  .*  s^k««*ti»  -  «.  if  thv  tiwhn  is  high 
*2f*Lt  pre~«,  afcxv  a  Wed  L.  -ynbe  fcwovd  which 
vT^vnt  thv  sMntmnedthe  sihvr.  Special  ««  »«*  be 
L.  ,  c*o  K>  transform  all  thv  tevl  ^  chk«ix  ^ 

v  .  v.v\j  wa  ^  tmtftfr.  irlwf  lW  is  w*i- 

'  tW  K>  ^Vv>»  Vc«x^.  oa  Wr  ti>e 

♦  "  .YnwiVn  A#*  Mawh.”  Stew*  V  P 
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charge  works.  When  it  is  finished  the  man-hole  is  opened  with¬ 
out  stopping  the  cylinder,  which  in  its  rotation  discharges  the  ore, 
which  falls,  at  the  Bertrand  Mill,  into  pits  cut  out  of  the  rock  in 
the  foundation,  just  underneath  the  cylinders,  where  it  is  allowed 
to  remain  about  nine  hours,  until  it  is  ready  to  go  to  the  cooling 
floor.  These  pits  have  been  found  to  be  a  very  great  advantage, 
for  it  has  been  ascertained  that  a  considerable  amount  of  chlorura- 
tion  takes  place  in  the  pit  after  the  charge  leaves  the  furnace, 
so  that  the  time  of  waiting  is  not  lost.  It  is  red  hot  when  it  falls 
into  the  pits  but  cools  sufficiently  to  be  drawn  off  into  cars  after 
some  time.  Occasionally  the  ore,  when  for  any  reason  there  is  a 
stoppage,  remains  for  two  or  three  days  in  this  bin  and  is  still  hot 
when  drawn.  Generally,  however,  it  is  drawn  out  on  the  cooling 
floor  as  soon  as  possible,  where  it  is  at  once  moistened  with  water 
to  keep  down  the  dust.  Sometimes  the  ore  Is  put  into  the  tub 
so  hot  that  the  water  boils,  but  this  is  not  usual.  The  ore  is 
generally  cold  enough  not  to  make  any  appreciable  difference  in 
the  temperature  of  the  water.  When  the  ore  is  one  which  is  not 
habitually  treated,  a  sample  is  drawn  through  the  fireplace  in 
order  to  test  the  chloruration.  When,  however,  the  ore  is  that 
which  they  are  constantly  using,  they  recognise  that  it  is  finished 
by  its  rolling  about  in  the  furnace  with  a  sluggish  motion  some¬ 
what  like  that  of  damp  sugar. 

When  the  furnace  is  discharging  two  assay  samples  are  taken 
from  every  charge.  When  about  half  the  charge  of  the  furnace 
has  run  out  a  long  iron  spoon  is  run  underneath  and  filled  and 
its  contents  assayed.  One  of  these  samples  is  used  for  a  chloru¬ 
ration  test,  which  is  made  at  once  for  each  charge,  each  assay 
sample  being  marked  with  the  number  of  the  charge  and  of  the 
furnace  or  the  cylinder ;  the  other  is  thrown  into  a  large  iron  cai 
to  be  afterwards  used  in  making  the  general  assay  to  ascertain 
the  amount  of  silver  contained  in  the  ore. 

Occasionally  the  charge  of  ore  from  the  furnace  is  more  than 
the  tub  will  hold.  This  residue  is  put  into  a  heap,  and  when 
enough  of  it  has  accumulated  to  fill  a  tub  it  is  leached  and  called 
a  “  mixed  charge.” 

On  September  28th,  1882,  the  ore  from  the  cylinder  assayed 
S32.99  ;  on  September  29th,  830.47  ;  on  September  30th,  ^27.90. 
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These  assays  on  the  same  charges  and  days 

are  interesting,  and 

are  given  below  together. 

Sept  28. 

Sept.  29. 

Sept.  30. 

Damp  mine  sample  . . . 

.  26.71 

29.85 

23.88 

Sample  from  the  rolls 

.  27.65 

25.13 

24.19 

„  „  Briickner’s  < 

cylinder  ...  32.99 

30.47 

27.96 

»»  >»  »» 

„  ...  32.36 

30.32 

Eleven  assays  of  the 

ores  taken  from  each  of  the 

furnaces 

during  different  days  are 

given  below : 

Assays.* 

No.  of  Charge. 

No.  of  Furnace. 

Value. 

74 

1 

$25.44 

75 

1 

30.16 

81 

3 

32.36 

81+ 

3 

31.42 

84 

2 

28.27 

85 

3 

33.30 

8G 

3 

27.96 

115 

4 

30.16 

116 

4 

27.96 

117 

4 

25.75 

118 

4 

27.33 

The  assay  for  chloruration  is  made  on  the  sample  taken  from 
the  charge  ;  15  oz.  are  weighed  out  and  put  into  a  funnel  with  a 
proper  filter.  Sodium  hyposulphite  from  a  tank  above  is  let  on 
to  it  and  allowed  to  run  from  fifteen  to  twenty  minutes,  the 
filtrate  being  collected  and  sent  to  the  leaching  tubs.  When  no 
silver  is  dissolved  the  assay  is  washed  and  dried,  and  a  fusion  assay 
made  of  the  tails.  Twenty-three  such  assays  are  given  below. 


Chloruration  Assays. 


No.  of  No.  of 
Charge.  Furnace. 

Value. 

No.  of  No.  of 
Charge.  Furnace. 

Value. 

81 

3 

$5.49 

Ill 

2 

$3.92 

si: 

3 

5.20 

112 

2 

3.61 

101 

1 

5.18 

113 

2 

3.77 

102 

1 

4.40 

114 

2 

4.24 

103 

1 

2.98 

184 

4 

3.29 

104 

1 

4.40 

185 

4 

4.08 

105 

1 

3.77 

186 

4 

3.14 

106 

1 

4.71 

187 

4 

3  45 

107 

1 

3.14 

188 

4 

3.45 

108 

2 

3.77 

190 

4 

4.55 

109 

2 

3.45 

198 

4 

3.29 

110 

2 

3.61 

*  I  am  indebted  for  those  and  the  following  assays,  to  my  former  pupil, 
Mr.  C.  F.  Pearis,  who  was  for  some  months  assayer  at  the  Bertrand  Mill, 
t  After  remaining  two  days  in  the  bin.  I  After  remaining  two  days  in  the  bin. 
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The  following  Tables  give  the  details  of  twenty-four  charges  in 
the  cylindei-s  during  a  period  of  six  days.  They  give  a  complete 
record  of  the  work  of  the  furnace  during  that  time.  The  corre¬ 
sponding  Table  for  tire  tubs,  and  also  the  chloruration  and  tub- 
tailing  assays,  are  given  on  pages  507  and  509.  These  Tables  com¬ 
prise  the  details  of  the  entire  work  of  the  mill  for  four  days. 


N  umber 
of 

Furnace. 

Number  of 
Charge. 

Ore. 

tons.  lb. 

Salt, 

lb. 

Pyrites, 
l>er  Cent. 

Cara  of 
Flue- Dust. 

Hour* 

Roasting. 

Mixed  charge 

5 

450 

2 

2 

07 

5 

532 

720 

2 

3 

10 

Mixed  charge 

5 

450 

2 

2 

GS 

7 

720 

2 

7J 

o 

69 

7  ; 

803 

720 

2 

Mixed  charge 

5 

450 

2 

2 

70 

7  i 

1041 

720 

5 

4 

11 

2 

71 

6  I 

720 

2 

3 

H 

o 

72 

6 

1758 

480 

2 

5 

o 

73 

7 

50 

720 

2 

4 

3 

74 

7 

140 

700 

2 

13 

3 

75 

5 

600 

480 

2 

Tj 

4 

88 

5 

1642 

040 

2 

3 

7f 

4 

94 

7 

440 

720 

2 

10 

4 

no 

6 

1116 

720 

2 

1 

4 

96 

6 

1835 

720 

2 

2 

4 

4 

97 

3 

140 

720 

2 

10 

4 

«>8 

4 

134 

720 

2  1 

3 

9 

r 

4 

99 

»• 

4 

720 

2 

10j 

r 

4 

100 

3 

667 

640 

2 

9 

4 

101 

7 

1800 

720 

2 

9 

i 

4 

102 

7 

220 

720 

2 

8 

► 

Mixed  charge 

5 

450 

2 

»»  it 

5 

450 

2 

The  Bruckner  cylinders  are  run  by  an  upright  engine  with  a 
cylinder  10  in.  by  12  in. 

When  the  ore  in  the  collecting  bins  is  sufficiently  cool,  it  w 
drawn  into  car's  and  taken  to  a  brick  cooling  floor,  where  it  is 
dampened  with  water  and  spread  out  with  hoes.  The  collecting 
birrs  are  12  ft.  deep  and  extend  from  the  bottom  of  the  cylinders 
to  the  top  of  the  car  on  the  floor  below.  The  works  ore  built  on 
the  side  of  a  hill,  which  is  a  very  convenient  arrangement. 
attempt  is  made  at  the  Bertrand  Mill  to  keep  ore  ahead.  It  is 
the  intention  to  have  two  charges  on  the  cooling  tloor  and  one 
charge  in  each  of  the  furnaces  and  a  charge  in  each  of  the 
hoppers.  The  roasting  is  done  by  two  men  oir  each  shift,  each 


Leaching  the  Roasted  Ore . 


495 


man  tending  two  cylinders,  with  two  Chinamen  bringing  the 
wood  which  is  used  as  fuel. 

All  the  machinery  other  than  the  Bruckner  cylinders  is  run 
by  an  engine  with  a  14-in.  cylinder  with  a  48-in.  stroke,  which 
is  much  larger  than  is  required  for  the  work.  Twelve  cords  of 
wood  are  burned  in  the  four  Bruckner  cylinders  in  twenty-four 
hours.  The  wood  is  cedar,  nut-pine,  and  mountain  mahogany, 
which  are  all  excellent  woods.  They  are  equal  to  or  even  better 
than  the  lignites  which  are  the  usual  fuels  of  the  country,  judging 
them  by  weight.  The  dryers  bum  three  cords  of  wood  per  day, 
the  engine  four,  the  stoves  to  heat  the  leaching  room  one. 
Twenty  cords  of  wood  are  used  for  the  twenty-four  hours  for 
the  entire  work  of  the  mill.  One  engineer  on  each  shift  runs  the 
boilers  and  the  engine.  He  is  a  Chinaman  and  has  one  helper, 
who  is  also  a  Chinaman. 

A  considerable  amount  of  silver  chloride  and  of  dust  con¬ 
taining  silver  is  volatilised  or  mechanically  carried  offfiom  both 
the  Bruckner  cylinders  and  the  dryers.  It  is,  therefore,  necessary 
to  have  dust-chambers  connecting  with  both  of  these.  The  flues 
have  a  down-take,  which  communicates  with  a  large  chamber  b} 
an  arched  opening,  which  is  quite  small.  The  dust  accumulat  : 
inconsiderable  quantities  at  the  bottom  of  the  down-take, so  t 
they  are  obliged  to  clean  it  frequently.  This  material  an 
which  comes  from  the  dust-chambers  is  collected.  t  ' 
passed  through  the  Bruckner  cylinders  and  mixec  ™ 
charges  as  shown  in  the  Table,  page  494.  h  rcsh  sa  t  is  a 
and  it  is  put  through  the  tub.  Sometimes,  when  large  quantities 

are  on  hand,  it  is  treated  separately. 

IV.  Leaching  the  Base  Metals  with  V  aie^il 

The  leaching-room  contains  twenty -four  tul  ,  ^  (jeep,  the 

on  a  side,  each  of  which  is  6  ft.  in  diaineter  an  ^  wh;ch  the 

depth  being  regulated  according  to  * *  the  ease  with  which 

water  will  filter  through  the  ore,  an<  a  *  ^  ^  mUCb  better  to 

a  man  can  throw  out  the  tails.  It  ^  ^  £fc  as  is  done 
increase  the  diameter  of  the  tubs  to  Mexico,  and  to 

in  many  of  the  works  in  Lower  Cali  oin  renioved  by 

increase  the  depth  to  6  ft.  6  in.  if  the  tails  are 
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hand,  or  5  ft.  if  they  are  to  be  sluiced.  Such  a  tub  will  hold 
35  tons  to  50  tons  of  raw  ore,  or  from  25  tons  to  40  tons  of 
roasted  ore.  The  staves  should  project  beyond  the  bottom,  form¬ 
ing  a  chine  of  6  in.  Tubs  of  any  other  size  would  answer 
as  well  so  far  as  the  leaching  is  concerned,  but  the  ore  can  be 
treated  with  the  greatest  rapidity  and  with  least  expense  in 
large-sized  tubs.  Experience  in  these  countries  has  shown  that 
a  better  result  is  obtained  with  large  than  with  small  tubs.  The 
bottom  pieces  should  be  grooved  and  jointed  with  a  tongue  f  in. 
by  H  in.  All  the  joints  must  be  accurately  made  and  the  tub  put 
together  with  a  thick  coat  of  white  lead.  The  hoops  must  be  made 
so  that  their  ends  are  fastened  together  with  screws  which  can 
be  tightened  when  necessary.  The  discharge  pipe  is  generally  H  in. 
in  diameter.  It  is  made  as  shown  in  Fig.  188,  or  is  inserted  into 
the  middle  of  the  bottom  of  the  tub,  and  is  screwed  on  to  a  cast- 
iron  flange  bolted  to  the  bottom.  It  is  made  of  lead  or  hard 
rubber.  To  it  the  rubber  hose  is  attached  which  connects  with  a 
Korting  injector.  These  tubs  are  set  in  many  mills  on  the  floor 
together  in  pairs,  the  two  tubs  almost  touching  each  other, 
with  a  railway  upon  one  side  and  an  easy  passage-way  between 
each  pair  of  tubs.  This  method  of  placing  the  tub  is  a  bad  one. 
They  and  all  the  other  tanks  should  be  placed  on  a  platform,  as 
is  shown  in  Fig.  188,  and  this  should  be  sufficiently  high  to  be 
easily  visited  in  case  of  a  leak.  The  track  runs  close  to  the  side 
of  the  tubs.  That  the  discharging  may  be  done  with  facility, 
when  it  is  done  by  hand  the  wagon  which  receives  the  tails  comes 
just  above  the  top  of  the  tubs,  so  that  a  man  standing  in  them 
can  easily  throw  the  tails  out  into  the  wagon.  When  the  tails 
are  sluiced  out  they  are  easily  disposed  of. 

Permanently  fixed  above  the  tubs  at  the  Bertrand  Mill  are 
hoppers,  which  are  long  and  narrow.  They  are  divided  into  two 
compartments,  and  have  at  their  bottom  a  slit  valve,  so  that  the 
ore  may  be  discharged  from  each  compartment  in  little  piles  over 
all  parts  of  the  bottom  of  the  tub.  Each  tub  may  have  its  own 
hopper,  made  of  iron,  as  at  the  Bertrand  Mill,  or  one  hopper  may 
answer  for  two  or  more  tubs,  the  discharge  being  made  by  flexible 
pipes.  This  arrangement,  which  is  the  first  one  adopted,  is  not  a 
good  one.  It  is  better  to  have  over  the  tubs  a  slightly  inclined  track 
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which  comes  from  the  cooling  floors,  if  the  ore  is  roasted,  or  from 
the  ore  bins  if  it  is  not.  The  ore  is  brought  in  this  car,  coming 
down  bv  gravity,  and  is  dumped  into  the  tubs.  Stop-cocks, 
unless  made  of  hard  rubber,  or  plugs,  do  not  answer  for  the 
leaching  tubs,  as  they  are  apt  both  to  get  out  of  order  and  to 
leak.  A  rubber  pipe  B,  Fig.  188,  is  much  easier  to  manage  than 
a  valve,  and  can  always  be  securely  fastened  to  the  bottom  or 
side  of  the  tub,  aud  when  not  in  use  can  be  hung  up  out  of 
the  way.  The  ore  is  passed  from  the  cooling-floor  to  the  vats 
as  rapidly  as  it  can  be  handled,  each  charge  of  ore  being  drawn 
from  the  furnace  bins  to  the  cooling-floor  as  soon  as  the  latter 
is  empty  The  cars  from  the  cooling-floor  run  over  the  top 
of  the  hoppers  and  dump  their  contents  into  them,  which  from 


there  fall  into  the  tubs  when  the  slit-valve  is  opened,  and  the  ore 
is  afterwards  evenly  distributed  over  the  bottom  of  the  tub  with 
a  hoe,  or  better  the  cars  discharge  directly  into  the  tubs.  The 
charge  could  as  easily  be  put  into  the  tubs  from  a  car  running 
on  a  Railroad  at  a  sufficient  height  above  the  tub  not  to  incon¬ 
venience  the  workmen  in  discharging  it,  and  arranged  with  a 
valve  like  the  hopper,  or  it  could  be  dumped  into  the  vat  from 
the  side. 

The  bottom  of  the  tubs  is  covered  with  four  or  five  wooden 
slats,  3  in.  by  1  in.,  which  do  not  touch  the  sides,  but  leave  a 
vol.  L  2  k 
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space  li  in.  wide  all  round  the  tub.  Over  these,  at  right  angles, 
are  arranged  other  slats  from  1  in.  to  H  in.  apart.  Canvas  duck 
or  gunny-sacking  which  is  wet  from  the  previous  charge,  or  is  wet 
purposely  when  a  new  filter  is  to  be  put  in,  is,  in  some  places,  placed 
over  these.  It  is  generally  brought  close  up  against  the  sides 
of  the  vat,  so  that  no  ore  will  pass,  by  means  of  a  hoop,  which 
fastens  it  securely  there.  Sometimes  a  strip  is  fastened  to  the  sides 
of  the  tub  in  which  a  V  is  cut,  and  into  this  the  ends  of  the  cloth 
are  packed.  In  some  of  the  recent  works  the  false  bottom  is  1  i  in. 
from  the  sides.  A  hoop  is  put  around  it,  leaving  h  in.  between 
it  and  the  sides  of  the  vat.  Into  this  opening  the  ends  of  the 
cloth  are  put  and  packed  in  with  a  hemp  rope.  In  this  case 
the  discharge  pipe  must  be  in  the  centre  of  the  bottom  of  the 
tub.  Any  or  all  of  these  methods  are  good.  The  ore  falls  from 
the  hopper  or  car  upon  the  canvas  and  rises  to  within  2  in. 
or  3  in.  of  the  top  of  the  tub.  When  the  ore  is  once  in 
the  tub,  special  care  is  taken  that  it  shall  not  be  disturbed 
in  any  way.  Once  ready  for  the  water  it  is  allowed  to  remain 
without  being  disturbed  until  the  tails  are  ready  to  be  discharged. 
Any  interference  with  the  arrangement  in  the  tub  increases  the 
difficulty  of  leaching.  The  simple  pushing  of  a  stick  two  or  three 
times  down  through  the  ore  may  delay  the  leaching  several  hours. 

In  the  bottom  of  the  tub  are  two  india-rubber  pipes,  about 
1|  in.  in  diameter,  one  for  introducing  the  water  and  the 
other  for  discharging  it.  When  hot  water  is  used  for  leaching 
out  the  base  metals  the  ore  is  always  wet  from  the  bottom,  the 
water  being  introduced  through  the  pipe  and  coming  up  through 
the  ore.  It  has  been  found  that  this  method  of  moistening  the 
charge  causes  the  ore  to  cake  less  and  the  solutions  to  percolate 
through  them  much  more  easily  than  when  the  water  was  intro¬ 
duced  from  above.  When  the  water  or  the  solution  is  turned 
on,  the  level  of  the  ore  sinks.  Raw  ores  and  tails  sink  about 
5  in.,  chlorurised  ores  sink  from  9  in.  to  15  in.  As  soon  as  the 
water  completely  covers  the  ore  the  supply  is  cut  off.  After 
remaining  there  for  a  very  short  time,  the  discharge  pipe,  which 
has  up  to  this  time  been  hung  up  higher  than  the  top  of  the  tub, 
is  lowered  and  the  water  allowed  to  run  out  into  the  launder 
C ;  the  leaching  water  is  added  at  the  same  time.  This  water 
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is  permitted  to  flow  away  entirely  or  is  collected,  according 
to  the  quantity  of  water  available.  When  the  leaching  with 
water  is  finished,  the  water  is  discharged  from  the  tank  until 
it  reaches  the  top  of  the  ore.  The  discharge  is  then  stopped 
and  the  hyposulphite  solution  turned  on.  The  soluble  matter 
removed  by  the  first  leaching  will  generally  be  sodium,  chloride, 
and  sulphate.  If  the  ore  contains  any  of  the  other  metals,  there 
may  be  besides  contained  in  the  leach  water  the  aluminium,  cal¬ 
cium,  iron,  manganese,  zinc,  and  copper  sulphates  and  chlorides. 
If  there  Is  an  excess  of  salt,  some  of  the  lead  and  silver  salts  may 
be  dissolved,  and  in  such  cases  bottom  leaching  should  be  used 
and  the  silver  precipitated.  It  will  be  mostly  in  the  first  wash 
water.  As  soon  as  sodium  sulphide  shows  no  reaction,  the 
water  is  cut  off. 

The  water  used  for  the  base  metal  leaching  may  be  hot 
or  cold.  If  the  ore  contains  a  large  amount  of  lead  which 
has  been  converted  into  chloride,  it  will  be  best  to  leach  with 
cold  water  until  the  larger  part  of  the  lead  and  the  surplus  salt 
has  been  dissolved  out.  It  is  then  leached  with  hot  water, 
cooling  the  ore,  however,  with  cold  water  before  the  hypo¬ 
sulphite  is  added,  in  order  to  prevent  too  great  an  extraction 
of  the  base  metals  with  the  silver.  When  the  ore  filters  slowly 
it  will  be  found  best  to  heat  the  water,  which  will  not  only  make 
it  filter  more  easily,  but  will  dissolve  the  base  metals  more 
rapidly.  When  the  charge  comes  warm  from  the  cooling  floor, 
when  introduced  into  the  tub,  the  water  grows  warm  from  its 
heat.  In  such  a  case,  unless  the  ores  are  very  pure,  or  where 
very  impure  ores  have  been  leached  with  hot  water,  the  charge 
must  be  cooled  with  cold  water  before  introducing  the  hyposul¬ 
phite,  or  the  bullion  would  be  much  more  impure. 

As  the  water  introduced  from  the  bottom  subsides,  a  very  thin 
crust  is  formed  upon  the  top  of  the  charge,  which  is  carefully  re¬ 
moved  and  put  by  itself  until  sufficient  accumulates  to  be  treated. 
This  material  is  quite  rich  in  silver.  It  contains  all  the  silver 
which  was  dissolved  by  the  excess  of  salt  or  other  chlorides  in  the 
ore,  and  which  would  have  been  lost  if  the  hot  water  had  been 
introduced  at  the  top.  This  amount  is  all  the  larger  if  the  solu¬ 
tions  are  hot,  or  if  the  excess  of  salt  is  large,  as  a  hot  brine  dissolves 
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more  silver  according  as  it  is  hotter  and  saturated,  while  a  cold 
one  dissolves  hardly  any.  The  dilution  of  the  liquor  with  water 
precipitates  part  of  the  silver  near  the  top  and  distributes  the  rest 
of  it  through  the  ore,  so  that  but  little  is  lost  in  bottom  leaching. 
The  top  crust  is  collected  in  barrels  ;  there  is  but  a  small  quantity 
on  each  tub,  but,  as  there  are  twenty-four  tubs  constantly  in  use, 
it  amounts  to  considerable  by  the  end  of  the  month.  After  this 
has  been  removed  clear  cold  water  is  allowed  to  run  in  at  the 
top,  the  quantity  being  regulated  so  that  the  inflowing  water  will 
just  be  equal  to  the  quantity  discharged,  in  order  to  leach  out  the 
base  chlorides  which  are  soluble.  Any  salt  in  excess,  or  any  which 
has  not  been  decomposed  in  the  roasting,  will  be  dissolved  at  the 
same  time.  When  the  ore  contains  but  little  base  metal  there  is 
no  advantage  in  using  hot  water.  This  is  the  case  at  Triumfo,  in 
Lower  California,  wrhere  the  ore  is  always  leached  cold  and  the 
water  introduced  from  the  top. 

W  hen  the  ore,  however,  contains  a  great  excess  of  lead  or  anti- 
mony,  the  method  of  introducing  the  water  from  below  is  not 
sufficient,  as  the  chlorides  of  these  metals  also  are  precipitated 
from  the  solution  by  dilution  with  water.  In  such  a  case  the 
water  is  introduced  from  the  top  and  the  liquid  allowed  to  flow 
from  several  tanks  into  compartments  filled  with  shavings,  so  as 
to  get  a  large  amount  of  surface.  Clear  water  is  allowed  to  flow 
into  these  compartments,  so  as  to  make  the  liquor  very  dilute. 
The  moment  the  fresh  water  touches  the  stream  containing  the 
chlorides,  which  was  formerly  clear,  it  becomes  cloudy,  and  then 
precipitates  the  chlorides.  Flowing  over  so  large  a  surface,  and 
being  obliged  to  pass  under  one  compartment  and  over  the  other, 
the  silver,  lead,  and  antimony  chlorides  deposit  on  the  shavings, 
and  can  be  dissolved  from  them  with  hyposulphite  and  the  solution 
put  with  the  other  silver  solutions.  The  water  running  off  contains 
.  the  zinc,  copper,  and  iron.  At  Triumfo  the  ore  contains  4  per  cent, 
antimony  and  but  little  lead.  No  attention  is  paid  to  the  anti¬ 
mony  ,  the  ores  being  leached  with  cold  water.  In  Mexico  the 
washing  is  repeated,  the  ore  being  discharged  from  the  first  tub 
to  be  put  into  a  second.  The  first  washing  lasts  for  four  hours 
and  the  second  a  little  less ;  the  observation  having  been  made 
that  even  when  no  metal  salts  are  found  in  the  wash-water  of  the 
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first  washing,  some  are  found  in  that  of  the  second  ;  and  only 
when  nothing  is  precipitated  from  the  second  washing  is  the 
leaching  with  hyposulphite  begun.  In  the  West  but  one  washing 
is  generally  made.  When  raw  ores  are  treated,  the  rapidity  with 
which  the  water  will  pass  through  the  ore  generally  depends  upon 
the  quantity  of  slimes  they  contain,  especially  if  they  are  clay  or 
talc.  This  difficulty  may  be  very  serious  where  raw  tails  are 
treated.  Roasted  ores  generally  leach  better  than  raw  ores. 
When  the  filtration  is  too  slow  it  may  be  hastened  by  the  use 
of  the  acid  syphon  pump,  which  is  used  in  most  of  the  recently 
constructed  works.  It  is  a  Korting  injector,  which  is  so  made 
that  it  can  be  used  as  an  ejector  as  welL  It  is  used  for  all  the 
solutions.  By  its  use  the  water  or  the  solutions  may  be  exhausted 
from  the  bottom  and  returned  to  the  top  of  the  vat,  so  that  the 
same  solution  filters  through  the  ore  continually.  This  is  called 
circulation.  The  rate  of  leaching  for  raw  ores,  not  forced,  will 
be  about  1  in.  per  hour.  For  chlorurised  ores  it  will  be  from 
H  in.  at  the  beginning  to  1  in.  at  the  end.  It  has  been  shown  by 
experience  that  rapid  filtration  answers  best.  It  should,  however 
not  be  accelerated  if  it  reaches  to  0  in.  or  8  in.  per  hour.  It 
should  be  all  the  faster  if  the  ores  contain  no  caustic  lime.  In 
introducing  the  water  or  the  solutions  on  the  ore,  the  force  of  the 
current  must  be  broken  by  discharging  it  against  boards  placed 
so  as  to  scatter  it,  or  by  running  the  water  or  solution  through  a 
box,  the  bottom  of  which  is  filled  with  holes.  The  quantity  of 
water  required  will  be  from  20  to  80  cubic  feet  per  ton  of  ore ; 
the  time  from  H  to  4  hours. 

When  the  water  flowing  from  the  tubs  no  longer  gives  a 
precipitate  when  tested  with  calcium  sulphide,  the  base-metal 
chlorides  are  removed.  When  there  is  plenty  of  water,  as  at  cer¬ 
tain  seasons  of  the  year,  all  of  this  water  is  allowed  to  run  to  waste, 
if  the  ore  contains  no  nickel  or  cobalt  or  other  metals  which  are 
worth  collecting.  When,  however,  the  water  is  scarce,  or  the  base 
metals  are  valuable,  it  is  all  collected  in  the  vats.  The  base-metal 
chlorides  are  precipitated  with  calcium  sulphide  and  the  water 
used  over  again.  It  takes  a  quantity  of  water  equivalent  to  three 
tubfuls  to  leach  the  base-metal  chlorides  out.  The  addition  of 
the  water  causes  the  ore  to  settle  and  diminish  in  volume  10  to 
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18  per  cent,  if  the  ore  is  raw,  or  12  to  24  per  cent,  if  it  is  roasted. 
The  vat  should,  therefore,  always  be  filled  in  such  a  way  that  the 
top  of  the  washed  ore  should  be  at  least  12  in.  below  the  top 
of  the  tub. 

V.  Leaching  with  Sodium  or  Calcium  Hyposulphite. 

The  washed  ore  is  now  leached  with  a  cold  solution  of  sodium 
hyposulphite,  which  is  made  in  the  storage  tanks,  which  arc 
provided  with  steam  coils  to  heat  the  water  and  make  the  hypo¬ 
sulphite  dissolve  more  rapidly.  The  strength  of  the  solution  will 
depend  on  the  richness  of  the  ore  and  the  quantity  of  base  metals 
present.  If  the  ore  is  very  rich  and  but  little  base  metal  is 
present,  it  may  be  used  very  strong,  and  even  warm  ;  but  when 
base  metals  are  present  too  much  of  them  would  be  extracted,  so 
that  the  solution  is  usually  made  weak  and  used  cold.  Experience, 
however,  has  shown  that  it  is  not  desirable  to  wash  with  solutions 
richer  than  2§  per  cent.,  even  for  the  richest  ores.  With  low 
grade  ores  a  1  per  cent,  solution  is  sufficiently  strong.  This  is 
made  by  adding  62 h  lb.  of  hyposulphite  to  every  100  cubic  feet 
of  water.  When  starting  it  is  usual  to  commence  with  a  2  per 
cent,  solution,  and  then  diminish  until  that  suited  to  the  ore  is 
arrived  at.  At  Triumfo  the  quantity  used  is  generalljr  one 
pound  to  eight  gallons  of  water.  At  the  Bertrand  Mill  it 
contains  from  half  to  three-fourths  of  a  pound  to  the  gallon. 
The  hyposulphite  is  usually  purchased.  It  comes  to  the  works 
in  small  kegs,  containing  from  50  lb.  to  GO  lb.  each,  and  does 
not  usually  cost  more  than  2.5  cents  to  3  cents  a  pound.  It 
is  generally  cheaper  to  purchase  it  than  to  make  it.  The  liquors 
increase  in  quantity  as  the  solutions  are  constantly  being  re¬ 
generated,  so  that  but  small  additions  have  to  be  made,  and  this 
onty  to  keep  up  the  strength  of  the  solution,  as  the  liquors  are 
constantly  being  diluted.  The  hyposulphite  is  likely  to  become 
impure  when  the  ores  are  not  properly  leached  with  water  to 
dissolve  out  the  sodium  sulphate  and  sodium  chloride;  it  is 
generally  the  practice  then  to  regenerate  it  by  spreading  wood 
ashes  over  the  ore  and  leaching  through  that,  the  alkalies  in 
the  ashes  taking  up  the  sulphates  and  the  excess  of  chlorides. 
By  the  constant  use  of  the  calcium  polysulphide  it  gradually 
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becomes  converted  into  calcium  hyposulphite.  The  solution  after 
a  time  may  become  caustic  if  the  roasted  ore  contains  caustic 
lime,  or  if  sodium  sulphide  is  used  for  the  precipitation  of  the 
silver  it  may  contain  some  caustic  soda.  The  presence  of  only 
one-tenth  of  1  per  cent,  of  caustic  soda  reduces  the  solvent 
power  sometimes  as  much  as  30  per  cent.  At  the  Ontario  Mill 
it  was  found  that  .5  of  1  per  cent,  of  caustic  lime  reduced  the 
solvent  power  from  11  to  24  per  cent.  As  soon,  therefore,  as  their 
presence  is  ascertained,  they  must  be  neutralised  by  the  addition 
of  sulphuric  acid  in  the  precipitation  tubs  after  the  precious 
metals  have  been  drawn  down.  The  liquor  must  then  be  tested 
with  litmus  paper.  When  50  to  GO  tons  of  ore  per  day  are 
required  to  be  treated,  the  amount  of  solution  that  must  be 
constantly  on  hand  will  vary  from  1500  to  2000  cubic  feet.  This 
is  based  on  the  calculation  that  it  takes  9  cubic  feet  of  solution 
to  saturate  one  ton  of  ore.  This  quantity  includes  all  that  is  in 
the  vats  in  use  and  waiting  to  be  pumped  into  the  reservoirs,  and 
that  already  there. 

It  is  sometimes  desirable,  especially  when  the  ore  contains  gold  ,* 
to  use  calcium  hyposulphite,  especially  as  the  calcium  polysul¬ 
phide  which  is  used  for  the  precipitation  of  the  silver  is  the  first 
step  in  the  process  of  manufacturing  it.  This  is  done  by  boiling  1.5 
parts  of  the  purest  freshly  slaked  lime  that  can  be  had  with  one 
part  of  crushed  brimstone.  Flowers  of  sulphur  sifted  through  a  fine 
sieve  is  also  used,  but  it  does  not  answer  so  well  as  the  brimstone, 
which  can  be  more  readily  obtained  and  is  more  easily  manipulated. 
If  the  lime  is  not  very  pure  it  may  be  desirable  to  use  two  parts 
of  lime  to  one  of  sulphur.  When  sulphur  is  scarce  and  high- 
priced  it  is  sometimes  collected  from  roasting  the  silver  sul¬ 
phide.  The  water  is  first  boiled  with  steam,  the  lime  is  added 
and  well  stirred,  and  the  sulphur  is  then  introduced.  Sufficient 
water  must  be  added  to  keep  the  mass  liquid,  but  not  enough  to 
allow  of  the  solution  of  polysulphide  becoming  too  much  diluted. 

*  Some  laboratory  experiment*  of  Mr.  Russell,  Trans.  Am.  Inst.  Min. 
Eng.,  vol.  xiii.,  p.  90,  seem  to  show  that  gold  is  no  more  soluble  in  calcium 
than  in  sodium  hyposulphite.  It  has,  however,  been  remarked  in  the  works, 
that  whenever  calcium  hyposulphite  is  used,  the  gold  is  extracted,  and  this 
does  not  always  appear  to  be  true  when  sodium  hyposulphite  alone  is 
used. 
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imperfect  but  for  that  situation  is  a  much  more  economical 
method  than  the  use  of  sulphurous  acid. 

The  calcium  sulphide  made  in  the  first  stage  of  the  process 
is  the  material  used  for  precipitation.  It  should  not  be  less  than 
(3  deg.  Baum<*  if  used  for  that  purpose.  In  some  works  the 
sodium  polysulphide,  made  by  boiling  soda  with  sulphur  and 
treating  it  with  sulphurous  acid  to  make  sodium  hyposulphite,  is 
used  This  reagent  does  not  precipitate  the  silver  so  rapidly,  nor 
so  well,  and  is  not  so  easily  washed.  For  this  reason  the  calcium 
hyposulphite  is  preferred.  Sometimes  sulphuretted  hydrogen, 
made  by  melting  paraffine  and  flowers  of  sulphur  together,  is 
used  for  the  precipitation.  This  is  much  more  disagreeable  than 
the  other  method  and  is  not  so  frequently  used.  Where  sodium 
hyposulphite  is  used,  the  constant  addition  of  lime  trans¬ 
forms  the  solution  gradually  into  calcium  hyposulphite.  The 
strength  of  this  solution  is  constantly  kept  up  with  a  hydro¬ 
meter. 

When  the  ore  is  very  impure,  it  is  generally  best  to  keep  the 
solution  at  about  1  deg.  Baume.  Before  turning  the  solution  into 
the  precipitating  vats,  care  must  be  taken  to  see  that  the  water 
used  for  leaching  out  the  base  metals  has  been  displaced.  This 
is  easily  done  by  tasting,  as  the  hyposulphite  of  soda  and  silver 
has  an  intensely  sweet  taste,  or  better  by  testing  the  liquor  flowing 
from  the  tanks  with  calcium  sulphide.  As  soon  as  the  least 
turbidity  is  shown,  it  is  time  to  catch  the  liquor,  as  the  hypo¬ 
sulphite  is  acting.  This  hyposulphite  liquor  is  allowed  to  run 
through  as  long  as  it  has  a  sweetish  taste.  No  special  attention 
is  paid  to  the  time  at  the  Bertrand  Mill,  as  the  work  is  done  by 
Chinamen  whose  records  would  not  be  very  intelligible  or  trust¬ 
worthy;  tests  only  are  relied  on.  The  reaction  which  takes 
place  is 

2AgCl  +  2Na,StOs  +  5HsO«2Na01  +  2NaAgSiOa  +  5HtO. 

This  sodium  silver  hyposulphite  is  exceedingly  soluble.  The 
quantity  of  hyposulphite,  and  also  the  time  required  for  leaching 
vn\l  depend  on  the  richness  of  the  ore,  more  time  beinor  required 
for  a  rich  than  for  a  poor  one.  Ores  are  rarely  treated  that 
require  a  longer  time  than  twenty  to  thirty  hours.  An  ore  con 
taining  from  8300  to  9400  a  ton]  will  be  perfectly  leached  in 
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twelve  to  fifteen  hoars.  The  time  required  at  the  Bertrand  Mill 
is  from  six  to  twenty  hours,  depending  on  the  ease  with  which 
the  hyposulphite  filters. 

As  soon  as  the  hyposulphite  ceases  to  taste  sweet,  the  solu¬ 
tion  is  tested  with  calcium  sulphide  to  ascertain  whether  the 
ore  is  exhausted  of  silver.  The  tester  carries  a  small  bottle 
of  the  sulphide  solution  in  which  he  has  a  stick.  He  takes  a 
tumblerful  of  the  liquid  running  out  and  lets  a  drop  or  two 
of  the  sulphide  fall  into  the  liquor  in  the  glass.  If  there  is  a 
precipitation  of  silver  sulphide,  the  lixiviation  is  continued. 
If  there  is  no  precipitate,  and  the  liquor  becomes  only  slightly 
discoloured,  he  puts  in  some  of  the  liquor  containing  the  silver 
solution  to  ascertain  whether  there  is  an  excess  of  calcium 
sulphide.  In  this  case  the  hyposulphite  solution  is  discontinued 
and  the  excess  of  hyposulphite  must  be  washed  out  with  cold 
water.  This  is  done  by  turning  on  the  water  as  soon  as  the 
hyposulphite  reaches  the  surface  of  the  ore.  Water  to  saturate 
the  charge  is  added,  and  when  it  in  its  turn  reaches  the  surface 
of  the  ore,  the  discharge  is  turned  into  the  fresh-water  tanks,  or 
in  let  to  run  to  waste.  The  quantity  used  will  generally  be  from 
7  to  10  cubic  feet  per  ton  of  ore,  and  the  time  about  1}  to  21 
hours.  The  exhaustion  of  the  hyposulphite  is  distinguished  by 
the  taste.  This  last  liquor,  as  it  contains  nothing,  goes  to  the 
fresh-water  tanks. 

It  takes  from  eighteen  to  forty-eight  hours  to  charge,  leacb, 
and  discharge  the  ore,  the  time  depending  on  the  way  the  roasting 
has  been  done.  Exceptionally  a  charge  will  take  a  longer  time, 
sometimes  as  much  as  five  or  six  days.  In  Mexico  the  leach 
liquor  is  divided  into  two  parts,  as  it  has  been  found  that  that 
coming  off  first  contains  much  less  of  the  sub-sulphates  and  oxy¬ 
chlorides  of  the  base  metals  than  the  last,  and  consequently 
produces  a  purer  bullion  This  is  not  done  in  the  West,  and, 
when  all  the  product  must  be  cupelled  with  lead  is  not  necessary. 

The  Table  on  next  page  gives  thirty-seven  assays  of  the  tub 
tailings  made  at  the  Bertrand  Mill  during  four  days.  They  show 
a  very  low  value  in  silver. 

As  soon  as  the  water  ceases  to  flow,  a  probe  sample  is  taken 
from  three  points  in  each  tub,  if  the  tails  are  to  be  sluiced  out. 
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or  a  sample  taken  from  each  car  if  they  are  shovelled  out ;  these 
samples  are  sent  to  the  assay  office  to  see  whether  there  is  any 
silver  left.  The  ore  assays  from  30  oz.  to  50  oz. ;  the  tails 
should  assay  only  about  4  oz.  These  assays  are  being  con- 


Tub  Tail  Assays  from  August  28th  to  September  1st,  1882. 


stantly  made,  twenty  to  thirty  being  often  made  in  a  day.  If 
the  assays  show  that  the  silver  is  down  to  from  4  oz.  to  6  oz., 
the  tub  is  discharged,  if  not,  the  ore  has  to  be  re-roasted 
and  treated  with  the  hyposulphite  again.  This  rarely  happens, 
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however,  for,  as  the  assays  are  constantly  being  made,  the  exact 
condition  of  the  ore  is  known  before  the  leaching  commences. 

The  ore  from  the  tubs  at  the  Bertrand  Mine  is  shovelled  into 
cars  and  run  out  to  the  dump-heap  at  the  rear  end  of  the  mill, 
where  there  is  a  turn-table  to  switch  the  cars  into  the  proper 
track.  Care  has  to  be  taken  at  first  to  see  that  the  men  do  not 
cut  the  gunny* sacking  in  shovelling  out  the  ore.  At  first,  before 
the  men  are  experienced,  it  is  generally  considered  a  necessary 
precaution  to  cover  the  gunny-sacking  with  slats  from  5  in.  to 
C  in.  apart,  to  insure  that  it  is  not  cut  by  the  shovels.  When,  how¬ 
ever,  the  workmen  are  experienced,  they  know  when  they  are 
near  the  bottom  from  the  height  to  which  they  have  to  throw  the 
leached  ore,  and  they  are  so  careful  not  to  dig  on  the  sacking  that 
these  slats  need  not  be  used.  The  sacking  is  very  seldom  cut 
after  the  men  are  accustomed  to  the  work.  In  the  recently  con¬ 
structed  works,  the  tails  are  discharged  from  an  iron  gate  painted 
with  asphalte  and  fastened  to  the  outside  of  the  vat  The 
bottom  of  this  gate  is  ^  in.  below  the  top  of  the  filter.  The  gate 
is  of  iron,  protected  with  india-rubber.  It  requires  about  12 
cubic  feet  of  water  per  ton  to  sluice  out  the  ore.  If  water  is 
scarce,  the  wash  water  after  the  silver  has  been  removed  may  be 
used  for  the  purpose.  Sluicing  is  a  much  better,  more  convenient, 
and  cheaper  method  of  removing  the  tails. 

The  amount  of  water  required  for  sluicing  tailings  usually 
averages  about  12  cubic  feet  per  ton.  In  case  water  is  scarce 
the  tailings  must  be  removed  by  other  means,  and  the  expenses 
per  ton  will  be  increased  about  20  cents.  The  total  amount  of 
water  required  in  the  metallurgical  treatment  of  chlorurised  ore 
and  raw  ore  and  tailings  in  each  of  the  cases  cited  on  pages  5-38 
and  539  for  which  estimates  have  been  given,  is  as  follows : 

Chlcmirinng  and  Lixiviation  of  r cry  Bate  Ore, 

l»t.  If  the  tailing*  are  sluiced .  102  cub.  ft. 

2nd.  „  „  not  sluiced  ...  #  90  „ 

Cldorurinng  and  Lixiriation  of  Average  Ore. 

1st.  If  the  tailings  are  sluiced .  02  „ 

-n<b  »»  „  not  sluiced  .  50  ,, 
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from  81.00  to  81.50  per  day ;  50  tons  or  GO  tons  a  day  are  leached 
by  these  two  men. 

VI.  Precipitation  of  the  Silver. 

The  hyposulphite  liquor  containing  the  silver  is  run  directly 
from  the  leaching  vats  to  the  precipitating  tanks,  Fig.  189,  which 
are  8  ft.  in  diameter  and  12  ft.  deep.  When  it  is  possible  these 
tanks  should  be  set  3  ft.  below  the  bottom  of  the  lixiviation  tanks. 
When,  however,  the  grade  of  the  ground  does  not  admit  of 
this,  all  the  tanks  are  placed  on  the  same  level  and  the  transfer 
made  by  means  of  a  Kbrting  injector.  All  the  solutions  except 
the  silver  liquors  are  carried  about  the  mill  through  wooden 
launders,  carefully  jointed  with  tar,  and  also  painted  on  the  in- 
side  with  it.  This  is  an  excellent  method.  Iron  pipes  were 
formerly  used,  but  they  decomposed  the  solutions  and  sometimes 
precipitated  the  silver.  Iron  pipes  lined  with  tar  would  be  abetter 
arrangement,  especially  in  those  mills  whose  work  is  not  con¬ 
tinuous.  These  might  be  ordinary  steam-pipes,  5  in.  in  diameter, 
which  are  screwed  together.  Wooden  troughs  without  the  coating 
oi  tar  were  formerly  used,  but  it  was  found  almost  impossible  to 
keep  them  tight,  and  the  penetrating  nature  of  the  hyposulphite 
caused  a  considerable  loss  of  the  reagents.  Besides,  when  not  used 
they  shrink,  which  is  a  very  great  disadvantage,  as  they  leak 
for  some  time  afterwards.  Troughs  hollowed  out  of  solid  wood 
are  used  in  some  works,  but  they  are  not  easily  made  and  are 
more  difficult  to  manage.  The  whole  of  this  inconvenience, 
however,  is  remedied  by  the  use  of  iron  pipes  lined  with  tar. 

i  he  silver  liquors  from  all  the  leaching  tubs  are  run  into  one 
precipitation  vat  until  it  is  filled  to  within  15  in.  to  20  in.  of  the  top, 
the  flow  is  then  turned  into  the  next  vat.  When  this  is  done, 
the  silver  is  thrown  down  at  once,  calcium  sulphide  being  added 
until  no  precipitation  takes  place.  The  tanks  for  the  storage 
of  the  calcium  sulphide  are  made  of  fy  in.  boiler  iron.  They 
should  have  a  capacity  of  from  90  to  100  cubic  feet.  The 
solution  during  the  addition  of  the  calcium  sulphide  must  bo 
agitated  to  make  a  thorough  mixture,  and  is  then  allowed  to 
settle,  arid  the  clear  liquor  which  is  reconverted  into  calcium  and 
sodium  hyposulphite  by  the  calcium  sulphide  is  drawn  off  into 
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a  receiving  tank  on  a  lower  level,  and  from  there  forced  into  a 
tank  on  the  top  floor,  from  which  all  the  solution  used  runs. 
The  reaction  which  takes  place  is 


2  Na  Ag  S*  Os  +  2Na Cl  +  10H1O  +  OaS  =  AgtS  +  2N«1S,OJ  + 

CaCh+lOIkO. 

This  solution  in  Mexico  is  at  25  deg.  to  30  deg.  Baume ;  in  the 
West  it  is  much  weaker. 

Where  various  ores  are  treated,  it  requires  a  little  time  to 
ascertain  just  the  quantity  of  sulphide  to  add,  but  when  the  same 
ores  are  constantly  being  used,  it  is  simply  measured  in  from  a 
pail.  There  is  no  danger  of  loss,  as  the  liquors  are  carefully 
tested.  Care  must  be  taken  not  to  have  the  sulphide  in  excess. 
Only  that  portion  of  the  sulphide  which  precipitates  the  sih  ei 
converted  into  calcium  hyposulphite ;  any  excess  of  sulphide 
would  cause  a  precipitation  of  the  silver  alread}  dissolved 
solution  tanks  as  sulphide,  which  would  not  be  dissolved  v 
hyposulphite  and  would  consequently  be  lost  in  the  tai & 
there  is  an  excess  of  sulphide  some  of  the  silver  liquoi  mu 
added  to  neutralise  it.  At  the  Bertrand  Mill  the 
sulphide  added  in  the  precipitation  of  the  sih  ci  '^P®  . 

up  sufficiently  with  the  weekly  addition  of  about  o  j-  uors  . 

sulphite.  As  soon  as  the  clear  liquors  are  run  o  tvrQ 

are  run  in  and  precipitated,  clarified,  an.  h°  ’  ^  dischwged. 

weeks.  At  the  end  of  that  time  the  tanks  m  -  ^  ^  (md 

There  are  three  precipitating  tubs  for  the  ^  same 

three  for  the  precipitation  of  the  base  1110 
sulphide  when  water  is  scarce.  ,  1  in  the  various 

A  great  deal  of  trouble  has  been  expermne^^  an  onli- 
works  in  pumping  these  solutions.  In  the  <-  ^  were  found 

nary  Babcock  steam  pump  was  used,  but  n  ^1  ^  force  the 

not  to  work  well,  and  steam  pressure  jc.nces.  Tho  simplest 

liquors  up,  which  had  a  great  man}  inconv  Mine  which  was 

way  is  that  formerly  used  at  the  Old  Telegraph 
to  use  an  ordinary  lifting  pump  "  ‘.'lunger,  which  cost 

lined  with  hard  rubber,  with  a  haid  ru  i  ^  for  a  long  time 
less  than  $50.  This  pump  worked  per  ec  y 

without  repaii-s.  ,  i  -A*  is  collected.  The  arrange- 

Every  fifteen  days  the  silver  sulp  1  c 


512 


Precipitation  of  the  Silver. 


ment  is  made  to  have  the  whole  mill  cleaned  up  at  one  time. 
To  do  this  the  clear  liquor  on  the  top  is  first  drawn  down  by 
the  rubber  tube  C,  Fig.  189,  to  the  end  of  which  a  fioat  A  is 
attached  which  allows  the  top  of  the  tube  to  be  just  below  the 
level  of  the  liquor.  The  float  A  is  so  wide  that  it  prevents  the 
tube  from  reaching  the  precipitate  on  the  bottom.  The  tube  is 
then  hung  up  so  that  the  float  occupies  the  position  D.  The 
sulphide  on  the  bottom  of  the  tanks  is  stirred  vigorously  until 
it  is  in  the  state  of  a  thin  mud.  It  is  then  drawn  off  from  the 
bottom  of  the  tank,  through  the  stop-cock  E,  into  the  receptacle 
B,  from  which  it  is  carried  by  launders  to  the  filter  press  or, 
as  at  the  Bertrand  Mill,  run  over  cloth  filters.  These  filters 
consist  of  a  series  of  frames  about  2i  ft.  square,  over  which 
sacking  is  securely  fastened.  There  are  thirty  of  these  frames, 
three  in  a  row,  built  on  the  same  table,  which  is  surrounded 


by  a  rim  3  in.  high.  Underneath  the  table  is  an  inclined  trough 
which  carries  all  the  liquors  to  the  collecting  vat.  The  turbid 
liquor  from  the  precipitating  vat  is  run  on  to  this  table  and  flows 
from  one  sacking  to  the  other.  The  solution  drains  through  and 
the  pasty  sulphide  remains  on  the  sacking.  This  operation  is 
constantly  repeated  until  the  silver  sulphide  has  accumulated 
in  considerable  quantity  on  the  sacking.  It  is  then  washed  with 
clear  water  to  remove  the  excess  of  calcium  sulphide  until  it  is 
perfectly  sweet.  It  is  then  left  to  dry.  In  drying,  it  cracks  iu 
every  direction.  It  is  shovelled  into  a  car  and  carried  to  the 
reverberatory  furnace  to  dry  and  roast.  As  there  is  a  considerable 
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amount  of  water  in  the  pasty  mass,  it  is  in  some  works  collected 
in  canvas  bags  and  the  water  squeezed  out  with  a  press  before  it 
goes  to  the  furnace.  It  would  be  much  better  and  simpler  to  use 
a  filter  press,  such  as  is  constantly  used  in  the  metallurgical 
works  on  the  Continent,  to  separate  the  silver  sulphide.  The 
silver  sulphide  would  then  be  made  in  a  few  moments  into  cakes 
which  could  be  easily  roasted,  but  these  filter  pumps  are  but  little 
known  in  the  United  States. 


VII.  Roasting  the  Silver  Sulphide  and  Melting 
for  Bullion. 

The  silver  sulphide  is  now  read)'  to  be  dried  in  a  reverbera¬ 
tor)'  furnace,  as  it  still  contains  some  water.  The  heat  must  be 
quite  low  at  the  commencement,  only  just  enough  being  used  to 
burn  oft  the  sulphur.  It  can  only  be  increased  very  slowly  at  first 
for  fear  of  melting  the  sulphides.  It  is  roasted  until  most  of  the 
sulphur  is  driven  off.  and  the  beat  is  then  ramed  to  as  b.gh  a 
temperature  as  possible  without  meltmg.  When  sulphur  » 
scarce  the  sulphide  is  heated  in  a  retort  and  the  sulphur  con- 
7  1  H  I  ‘  used  over  again.  Mr.  O.  H.  Aaron  proposes 

“  tht  freshly  precipitated  sulphide  and  boil  it,  adding 

7  77  1  iked  lime  in  small  quantities  at  a  time  to  the  liquor, 
fi-eshl}  nU  ritated.  When  this  is  carefully  done 

whichis  'ep  fce  fol.mcd  much  more  quickly 

“  C7"  direct  action  of  the  sulphur,  and  most  of  the  sulphur 
tha"  3  sulphide  will  be  regained.  The  liquor  is  decanted, 

m  the  s  k  (lrieJ  and  roasted.  After  roasting,  it  is  a  grey 

and  t  e  ft,most  entirely  of  metallic  silver, 

mass  c0  P"  ^  pasted  silver  was  melted  in  graphite  crucibles, 
*  ormei  )  tQ  be  too  expensive.  It  is  now  cupelled  with 

but  lead  in  an  English  cupel.  The  litharges  are  rich  in 

the  at  ^  alj  reduced  to  form  the  lead  for  the  next  cupella- 
sihci  ^ie  CUpels  it  is  cast  into  bricks  and  is  between  800 

-%00  fine.  No  attempt  is  made  to  make  it  finer,  as  it  is 
found  cheaper  to  sell  it  than  it  is  to  refine  it. 

There  are  sixty  men  in  all  employed  in  the  Bertrand  Mill. 
Tiio  following  Table  gives  the  special  occupation  of  each  of  these 
men  and  the  wages  they  receive. 
vol.  I.  2  L 
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Men*  required  to  Ki  n  the  Bertrand  Mill  during  Twenty -Four  Hours. 


Roasters— furnace  men 

... 

... 

2  0  $4.00 

$8.00 

,,  feeders ... 

... 

Q 

“  »» 

aoo 

aoo 

Driers  and  rollers  , . . 

... 

10  „ 

aoo 

30.00 

Cooling  floor 

... 

6  „ 

aoo 

18.00 

Leaching  floor,  Chinamen 

... 

o 

2  50 

aoo 

»»  »» 

3  " 

1.50 

4.50 

Rock  breakers 

... 

o 

•*  »» 

3.00 

6.00 

Flue  cleaners 

*  „ 

1.50 

6.00 

Blacksmith . 

... 

1  „ 

6.00 

6.00 

„  helper 

... 

1  „ 

aoo 

aoo 

Carpenters... 

... 

o 

•*  »« 

5.00 

10.00 

Engineer  . 

... 

... 

1 „ 

aoo 

aoo 

»  «V» 

... 

1 », 

4.00 

400 

Fireman 

... 

... 

1  „ 

2.50 

2,50 

Aasayer 

1  „ 

aoo 

aoo 

Lamp  cleaner 

... 

... 

1 » 

1.50 

1.50 

Foreman  . 

... 

1 » 

6.00 

aoo 

»  «*  *•« 

... 

... 

1  „ 

aoo 

aoo 

Office  helper 

1  „ 

1.50 

1.50 

lieneral  helper 

1  „ 

aoo 

aoo 

Watchman  ... 

... 

1  >, 

aoo 

aoo 

W oodmen,  Chinamen 

s  „ 

1.50 

4.50 

*»  *> 

... 

... 

1 

300 

aoo 

$146.50 

All  tbs'  charging  Rail  discharging  and  leaching  is  done  by  four 
Chinamen  and  three  Irishmen.  The  total  cost  of  milling  the  ore 
is  $6.50  per  ton.  The  cost  of  mining  and  delivering  the  ore  at 
the  mill  is  about  $2.50.  which  makes  the  total  cost  about  $0.00 
per  ton  of  actual  expense  on  each  ton  of  SO  or  ore. 

It  must  not  be  taken  for  granted  that  the  bullion  produced 
from  this  process  is  necessarily  purer  than  that  produced  by  any 
other.  The  contrary  is  likely  to  be  true.  If  the  ore  contains  a 
large  quantity  of  base  metals,  particularly  lead*  these  would  lx' 
only  partially  atfeoted  by  amalgamation,  while  most  of  the  lead 
contained  in  the  ore  will  bo  likely  to  be  found  in  the  bullion 
made  bv  leaching.  The  reason  for  this  is  that  while  all  that 
portion  of  the  leal  which  is  in  the  form  of  chloride  may  lx' 
leached  out.  and.  by  the  judicious  arrangement  described,  the 
other  metals  can  be  separated,  none  of  the  lead  present  as  sul¬ 
phate  will  be  attacked  by  the  water,  while  most  of  it  will  lx' 
dissolved  by  the  hyposulphite  and  will  be  precipitated  by  the 
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sulphide,  thus  using  a  larger  amount  of  the  reagent,  and  being  a 
direct  source  of  loss.  This,  however,  except  in  very  poor  ore*, 
is  not  ft  grave  inconvenience.  In  other  respects  the  bullion  is 
likely  to  be  purer.  The  loss  is  practically  very  small.  The  out¬ 
lay  for  chemicals  is  also  very  small,  as  they  are  constantly 
regenerated,  and  the  same  water  can  be  used  over  and  over 
again.  The  amount  of  necessary  loss  in  the  tails  w.ll  depend, 
other  things  being  equal.  on  the  price  of  labour.  It  is  very  easy 
to  ascertain  this  by  making  a  daily  clean  up.  or  making  a  time 
assay,  to  ascertain  exactly  how  much  is  being  extracted  m •  • 
given  time.  The  assay  shows  that  at  the  Bertrand  M  «F 
cent,  of  the  silver  in  the  chloridised  ore  »  saved,  from  ..0  to 
tons  are  easily  treated  in  the  twenty-four  hours  The  avc.age 
product  is  from  *30,000  to  3*0,000  per  month  that 
Triumfo  Works  is  from  $50,000  to  300,000  per  month. 

Bussell’s  Process* 

When  the  ores  contain  any  considerable  quantity  of  base 
metal,  especially  lead,  the  ^  Twel^the 

“ - 

S  Cri  f  so  to  the  treatment  of  the  tails  of  the  Patio  and  the 
p^'woll  as  those  of  other  lixiviation  proccs.se*  It  cons.sta  of 
™  bv  six  different  operation*. 

tr6J the  ore  and  roasting  it  with  or  without  salt  in 

any  of  ,tl!°  ^"”Tth oto astoUre  with  sodium  hyposulphite. 

I  Sglht  lixiviate.,  ore  with  the  extra  solution  of 

80d/UpiSji3on°of  the  leadPby  sodium  carbonate. 

!'  precipitation  of  the  gold,  silver,  and  copper. 

Treatment  of  the  sulphides. 

*  r  ores,  according  to  their  composition,  the  process 

vouM  }>0  somewhat  modified  by  cither  modifying  the  roasting  or 
not 'roasting  at  all,  and  if  there  were  no  chlorides  present,  doing 
uway  with  the  roasting  and  first  lixiviation  altogether,  and  com¬ 
mencing  at  once  with  the  extra  solution. 

*  Trans.  Am.  In*t.  Min.  Eng.,  vol.  xiii.,  page  47  ;  vol.  xv.,  October,  1880  ; 
EseiNKEHiiio,  vol.  xxxviii.,  p.  239. 
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Crushing  for  the  Russell  Process. 

I.  Crushing  and  Roasting  the  Ore. 

(a)  Crushing. — Up  to  within  a  short  time  the  almost  universal 
instrument  used  for  crushing  was  the  stamp  mill,  which  has 
attained  its  greatest  perfection  in  the  h  nited  States.  A  recent 
examination  of  nearly  all  the  greatest  dressing  works  of  Europe 
shows  that  on  the  Continent  it  is  being  gradually  abandoned  for 
rolls,  some  of  the  works  having  abandoned  it  altogether,  while 
others  are  only  waiting  their  extensive  repair  to  take  the  stamps 
out.  With  stamps  it  is  not  generally  practicable  to  crush  through 
a  coarser  screen  than  a  No.  MO,  which  is  equivalent  to  a  No.  40 
revolving  screen  where  the  crushing  is  done  by  rolls.  There  is 
little  doubt  that  the  unintelligent  use  of  rolls  in  the  early  days 
on  Lake  Superior  had  much  to  do  with  the  prejudice  against 
them  in  the  United  States.  It  seems  to  be  almost  certain,  how¬ 
ever,  that  we  shall  come  back  to  them.  They  arc  already  being 
introduced  with  great  advantage  in  the  West.  For  purposes 
of  lixiviation  there  seems  to  be  no  doubt  that  they  are  supe¬ 
rior.  They  not  only'  give  a  pulp  of  more  even  fineness,  but  it 
contains  less  slimes,  which  for  purposes  of  lixiviation,  is  im¬ 
portant,  as  the  liquors  should  pass  evenly  through  the  ore  and 
attack  all  parts  of  it  With  rolls  a  much  closer  hand-picking 
and  sorting  can  be  made.  Too  little  attention  is  generally  gi'tn 
to  hand  picking  in  the  West,  owing  probably  to  the  fact  that 
much  richer  ores  are  treated  there  than  in  Europe.  Apart,  how  - 
ever,  from  the  consideration  of  the  much  greater  equality  of  the 
grains  of  ore,  and  the  less  formation  of  slimes,  is  the  important 
consideration  of  cost.  For  the  erection  of  rolls,  the  cost  is  not 
only  much  less,  but  the  parts  themselves  are  simpler  and  less 
likely  to  get  out  of  order.  The  steel  of  which  the  outside  of  the 
roll  is  made  can  be  used  until  there  is  danger  of  its  cracking 
from  pressure,  and  can  then  be  replaced  with  but  little  cost  o 
time  and  labour,  so  that  the  useful  effect  of  the  material  is  much 
greater  than  with  stamps.  The  amount  of  repairs  required,  on 
account  of  the  simplicity  of  the  parts,  is  much  less,  and  much 
less  skilled  labour  and  fewer  men  for  the  same  output  are 
required.  There  is  also  but  little  doubt  that  the  actual  output  per 
horse-power  of  the  roll  is  greater,  as  there  is  no  necessity  in  most 
cases  in  order  to  chlorurise  the  ore  perfectly',  to  have  it  v  ery  ne  . 
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and  as  a  very  fine  ore  interferes  witli  rapid  filtration  there  seems 
to  be  no  doubt  of  the  superiority  of  rolls  over  stamps  for  crush¬ 
ing  ore  that  is  to  be  lixiviated.  Rolls  have  been  successfully 
used  for  some  time  at  the  Bertrand  Mill,  at  the  Ontario,  and 
several  other  mills  in  Montana  and  in  Nevada,  and  are  being  intro¬ 
duced  elsewhere,  and  where  very  fine  crushing  is  not  required  will 
no  doubt  take  the  place  of  stamps  as  they  have  done  elsewhere. 
Even  in  the  case  of  a  very  finely  impregnated  ore  it  is  a  question 
whether  it  will  not  be  advisable  to  treat  the  ore  first  in  rolls, 
and  when  all  has  been  extracted  from  it  which  can  be  at  that 
grade  of  fineness,  to  treat  the  residue  with  stamps  as  is  now  done 
in  one  of  the  largest  dressing  works  in  Europe.  This,  we 
believe,  has  never  been  done  for  lixiviation  works,  and  except 
in  the  case  of  gold  very  finely  disseminated  in  the  gangue  would 
hardly  be  advisable.  There  has  been  too  little  experience  with 
the  lixiviation  process  to  know  whether  such  a  case  would  be 
likely  to  occur.  In  all  the  cases  where  rolls  properly  constructed 
and  managed  have  been  brought  into  competition  with  stamps, 
the  latter*  have  been  taken  out  as  soon  as  they  were  worn 
enough  to  require  extensive  repair,  and  rolls  have  taken  their 

place. 

(b)  Roasting  the  Ore.— The  problem  to  be  solved  in  all  the 
processes  where  it  is  necessary  or  advisable  to  transform  the 
metal  into  a  chloride  by  roasting  it  with  salt  has  been  how  to 
perform  this  operation  so  as  to  give  the  highest  percentage  of  chlo¬ 
rides  This  has  been  especially  necessary  up  to  the  present  time 
with  the  lixiviation  processes,  since  metallic  silver  and  most  of 
the  other  compounds  of  silver  in  the  absence  of  soluble  salts  of 
copper  are  but  slightly  soluble  in  the  hyposulphite  solutions  used 
for  lixiviation.  This  difficulty  and  the  impossibility  of  producing 
a  bullion  free  from  lead  when  it  has  been  present  in  the  ores, 
lias  prevented  the  introduction  of  the  lixiviation  process,  because 
in  amalgamation,  even  when  the  chloruration  has  not  been 
perfect,  metallic  silver,  if  present,  will  be  acted  on  by  the 
mercury,  and  many  of  the  silver  compounds  will  be  decomposed 
at  its  expense,  so  that  while  the  loss  in  mercury  will  be  some¬ 
what  greater  than  it  otherwise  would  be,  the  loss  of  silver  will 
be  less.  The  necessity  of  a  high  chloruration  of  the  ore  has 
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stood  in  the  way  of  the  introduction  of  the  lixiviation  process 
more  especially  as  the  presence  of  any  considerable  quantity  of 
sulphurets,  especially  of  blende,  increases  the  difficulty  and  pro¬ 
longs  the  time  of  roasting.  It  has,  therefore,  been  the  practice 
in  many  of  the  mills  to  discharge  the  ore  in  such  a  way  that  it 
remains  hot  in  heaps  for  several  hours,  and  thus  increase  the 
ch lor u ration  effect  without  prolonging  the  time  of  action  in 
the  furnace  and  consequent  danger  of  decomposing  some  of  the 
chloride  already  formed.  In  the  investigations  which  I  have 
been  making  during  the  last  three  or  four  years,  I  have  always 
found  that  in  ordinary  roasting,  when  the  temperature  was  very 
high,  or  the  operation  prolonged,  the  amount  of  the  precious 
metals  extracted  was  always  less  than  when  the  time  was  limited 
and  the  temperature  low.  Mr.  Russell  has  come  to  the  same 
conclusion,  and  discovered,  in  addition,  that  the  loss  in  silver  in 
chlorurising  roasting  is  always  less  when  the  proportion  of  salt 
is  high.  It  seems,  therefore,  desirable  to  perform  the  roasting  of 
the  ore  as  quickly  as  possible,  and  to  allow  the  ore  from  the 
furnace  to  remain  for  some  time  in  heaps  before  using  it.  For 
loasting  the  ore  most  of  the  reverberatory  and  a  large  number 
of  the  mechanical  roasters  have  been  used.  Those  which  have 
the  auxiliary  fireplace  have  been  the  most  successful,  but  the 
Stetefeldt  furnace  seems  to  be  one  of  the  best  adapted  for  this 
piocess,  however,  as  the  roasting  may  be  as  short  as  desirable,  while 
the  chlorurising  action  may  be  prolonged  at  pleasure.  The  necessity 
a  perfect  chloruration  in  this  process  is  not  so  great  as  in  the 
other  lixiviation  processes  which  use  only  a  simple  hyposulphite 
solution,  for  should  any  of  the  metallic  silver  fail  to  be  acted  on 
by  the  salt,  or  any  of  the  sulphide  or  other  compounds  fail  to  be 
decomposed,  so  that  it  is  left  in  the  ore, or  in  the  pan  tails,  it  will 
1h  dissolved  in  the  extra  solution.  It  has  been  found  that  in 
c  ei  tain  poor  ores  the  use  of  salt  may  be  dispensed  with  altogether 
ami  the  ore  only  subjected  to  an  oxidizing  roasting  and  then  lixi¬ 
viated.  Oxidized  ores  may,  in  certain  cases,  be  treated  without 
<  vui  1  ousting.  The  extraction  is  not  perfect,  but  when  the  price 
of  salt  or  fuel  is  high  it  may  be  cheaper  to  bear  a  small  loss  in 
silver  rather  than  to  pay  the  expense  of  salt  and  of  roasting. 

W  hen,  however,  the  silver  is  contained  in  lead  carbonate,  the  ore 
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must  be  roasted,  as  lead  carbonate  is  insoluble  in  the  lixiviating 
solutions. 

II.  Lixiviation  of  the  Raw  or  Roasted  Ore  with 
Sodium  Hyposulphite. 

The  tanks  which  are  generally  used  for  this  purpose  are  10  ft. 
to  15  ft.  in  diameter  and  40  in.  to  6  ft.  6  in.  deep.  They  are  made  of 
wood  painted  with  asphalte.  It  is  proposed*  to  construct  very 
large  ones  made  either  of  Portland  cement  reinforced  with  iron 
or  of  bricks  saturated  while  hot  with  coal  tar,  or  of  asphalte 
concrete,  protecting  the  bottom  and  sides  with  a  lattice-work  of 
wood  so  as  to  prevent  injury  from  the  falling  in  of  the  ore  or 
shovelling  it  out.  The  discharge  pipes  are  made  of  rubber  and 
enter  the  bottom  and  rise  in  the  tank,  and  are  kept  in  position 
by  a  float.  While  the  solution  is  working  they  are  raised  out  of 
the  liquid.  When  they  are  to  be  discharged  they  are  kept  just 
below  its  level  by  the  float.  Pinch  cocks  are  sometimes  used  on 
them  to  regulate  the  flow  of  the  liquid.  The  main  conduits  are 
made  of  iron  painted  inside  and  out  with  asphalte.  The  storage 
tanks  from  which  the  solutions  are  drawn  are  provided  with  a 
coil  of  1-in.  lead  pipe,  through  which  steam  is  introduced  to  heat 
them.  When  there  are  several  tanks  they  are  connected  together 
with  a  3-in.  pipe,  which  runs  over  all  the  tanks,  and  is  so 
arranged  that  each  tank  can  be  supplied  independently  of  the 
other."  The  solutions  are  admitted  to  the  tanks  by  rubber  hose. 

The  pulp  is  first  treated  with  water;  when  this  is  admitted 
above,  on  an  ore  which  has  been  roasted  with  salt,  it  always  con¬ 
tains  some  silver  and  is  allowed  to  flow  into  and  out  of  a  tank 
containing  scrap  iron,  where  the  copper  and  most  of  the  silver  is 
precipitated.  The  vat  is  filled  full  of  water  and  the  discharge 
stopped  as  soon  as  the  water  above  it  reaches  the  surface  of  the 
ore.  After  the  leaching  with  water  has  been  done,  the  hypo¬ 
sulphite  is  turned  on  until  the  vat  is  full,  and  the  leaching  con¬ 
tinued  until  all  the  solution  necessary  has  passed  over  the  ore. 
The  solution  should  contain  from  1.35  to  1.50  per  cent,  of 
the  ordinary  sodium  hyposulphite  in  water  to  which  sufficient 
sulphuric  acid  has  been  added  to  neutralise  any  caustic  soda 
*  Trans.  Am.  Inst.  Min.  Eng.,  vol.  13,  p.  110. 
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it  may  contain.  All  the  salts  of  silver  except  the  sulphide 
are  more  or  less  attacked  by  this  solution.  Its  object,  however, 
is  to  dissolve  out  the  chloride  which  is  either  in  the  ore  or  has 
been  formed  by  roasting.  When  silver  chloride  is  contained 
in  considerable  quantities  in  the  ore  associated  with  other 
minerals  it  is  sometimes  leached  out,  and  the  residue  either 
treated  or  concentrated  and  sold.  The  salts  of  copper  and  lead 
are  also  dissolved.  The  complete  solution  of  the  lead,  however, 
requires  a  concentrated  solution.  As  the  solvent  power  of  the 
liquor  for  the  precious  metals  is  not  increased  by  concentration 
it  must  be  made  dilute,  and  as  lead  is  more  soluble  in  cold  than 
in  hot  solutions,  and  as  any  considerable  quantity  of  lead  dis¬ 
solved  in  the  hyposulphite  solution  decreases  the  solvent  power, 
the  dilute  liquor  is  heated  to  a  temperature  between  25  deg.  and 
50  deg.  Cent.  In  this  way  the  most  of  the  precious  metals  and 
the  least  lead  will  be  dissolved.  Whenever  the  liquid  becomes 
caustic  it  must  be  neutralised  by  the  addition  of  sulphuric  acid 
or  copper  sulphate,  which  neutralises  the  caustics,  and  this  last 
salt  is  the  neutraliser  in  the  extra  solution  when  the  material 
being  leached  contains  caustic  lime. 

The  liquor  is  allowed  to  remain  on  the  ore  long  enough  to  dis¬ 
solve  out  most  of  the  silver  chloride,  by  which  time  all  the  other 
salts,  except  the  sulphide,  will  have  been  more  or  less  attacked, 
some  of  the  gold  and  most  of  the  copper  dissolved.  The  liquor  is 
now  drawn  off  and  the  pulp  is  ready  for  the  extra  solution.  If 
the  ore  is  crushed  so  fine  as  to  make  the  liquor  pass  through  it 
slowly,  it  may  be  forced  through  by  using  a  stand-pipe,  an  ex¬ 
haust,  or  a  force-pump.  To  be  sure  of  the  quickest  and  easiest 
solution,  it  is  well  to  make  the  liquors  pass  through  the  ore 
several  times  by  draining  the  tanks  and  pumping  up  the  liquor, 
or  by  arranging  some  system  by  which  it  will  run  out  of  one 
tank  into  the  other  by  gravity.  Such  an  arrangement  expedites 
the  solution  and  diminishes  the  amount  of  labour. 

In  treating  a  charge  of  ore  which  has  not  been  roasted,  no 
washing  with  water  is  required.  The  vat  at  Bullionville  is 
11 J  ft.  in  diameter,  is  filled  40  in.  deep  with  dry  ore,  which 
makes  it  quite  full ;  the  ordinary  solution  is  then  turned 
on  above  and  below  at  the  same  time.  The  ore  immediately 


Leaching  ivith  Extra  Solution  in  the  Russell  Process.  521 


begins  to  sink,  and  by  the  time  the  tub  is  full  of  solution  the 
surface  of  the  ore  has  sunk  about  5  in.  As  soon  as  the  tub  is 
full  the  leaching  upward  is  discontinued,  and  the  leaching  down¬ 
ward  begins,  the  hose  leading  from  the  bottom  of  the  tank  being 
connected  with  a  No.  0,  the  smallest  size,  Allen  lead-lined  syphon 
pump,  which  cost  S22  each,  one  being  attached  to  each  tank. 
This  pump,  acting  on  the  principle  of  the  ejector,  produces  and 
keeps  a  vacuum  under  the  filter  cloth,  and  thus  draws  the  solu¬ 
tion  rapidly  through.  At  the  same  time  it  heats  the  solution 
from  90  deg.  to  110  deg.  F.,  at  which  point  it  acts  most  energetic¬ 
ally.  It  is  drawn  through  the  40  in.  of  ore  at  the  rate  of  40  to 
05  cubic  feet  an  hour,  according  to  the  percentage  of  slimes 
present  in  the  ore.  The  ordinary  solution  is  used  in  this  way 
for  four  horn’s,  being  kept  running  on  top  of  the  ore.  At  the  end 
of  this  period  it  is  shut  off  for  a  short  time,  but  the  leaching  is 
continued  a  few  minutes  until  the  solution  on  top  of  the  ore  has 
sunk  to  the  surface  of  the  ore.  The  leaching  is  then  discontinued 
for  a  time.  If  the  pumps  used  are  made  of  wood  they  should 
be  saturated  with  asphalte;  rubber  or  hard  lead  answers  the 
purpose  better.  In  some  cases  the  extra  solution  is  used  first, 
but  it  is  generally  preceded  ami  followed  by  the  ordinary  .solu¬ 
tion.  If  the  leaching  is  commenced  with  the  extra  solution,  its 
volume  must  be  sufficient  to  cover  the  charge  after  the  circulation 
has  commenced.  The  extra  solution  is  al\\a\s  circulate  . 
volume  of  the  ordinary  solution  used  is  from  20  cubic  feet  to  90 
cubic  feet,  and  the  time  ordinarily  from  twelve  hours  to  thirty 
hours. 


III.  Leaching  the  Lixiviated  Ore  with  the  Extra  Solution 
of  Sodium  and  Cupreous  Hyposulphite. 

Mr.  Russell  has  discovered  that  if  ores  of  silver  are  leaclied 
with  sodium  cupreous  hyposulphite,  formed  by  abiding  copper 
sulphate  to  sodium  hyposulphite,  not  only  native  ^bu 
silver  sulphide  and  its  compounds  of  arsenic  and  antnnony 
will  be  dissolved.  This  extra  solution,  however,  while  it  acts 
energetically  on  the  other  compounds  of  silver,  is  a  much  poorer 
solvent  for  the  silver  chloride  than  the  ordinary  hyposulphite 
solution.  The  compounds  of  gold  are  also  dissolved,  but  the 
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solvent  power  of  the  solution  for  gold  is  not  increased  by  the 
addition  of  the  cupreous  sulphate,  while  it  is  very  much  increased 
for  silver  and  its  compounds,  except  the  chloride. 

The  material  left  in  the  tails  which  has  not  been  dissolved  by 
the  previous  solution  may  be  treated  by  this  extra  solution  so  as 
to  extract  a  considerable  percentage  of  their  precious  metal  con¬ 
tents.  Ores  roasted  without  salt,  or  the  raw  ores  themselves, 
may  also  be  treated,  and  a  very  considerable  percentage  of  the 
precious  metals  contained  in  them  be  extracted.  This  extra 
solution  is  made  by  dissolving  18  parts  of  sodium  hyposulphite 
and  10  parts  of  copper  sulphate  in  a  small  quantity  of  water,  and 
mixing  the  solutions,  decanting  the  liquid  from  the  precipitate, 
washing  it,  and  then  redissolving  it  in  water  containing  from  1  to 
2.5  per  cent,  of  sodium  hyposulphite.  The  solution  so  prepared 
may  be  used  for  several  successive  charges,  and  only  turned  into 
the  precipitation  tanks  when  the  cupreous  hyposulphite  is  nearly 
exhausted.  It  may  also  be  made  by  adding  so  much  of  the  satu¬ 
rated  solution  of  copper  sulphate  to  the  sodium  hyposulphite  as 
would  be  required  to  make  a  standard  solution.  This  solution  is 
not  permanent.  A  considerable  portion  of  the  sodium  cupreous 
hyposulphite  will  commence  to  separate  at  once,  as  a  yellow 
precipitate,  very  slightly  soluble  in  water  but  easily  soluble  in 
sodium  hyposulphite,  and  as  it  is  the  solution,  and  not  the  preci¬ 
pitate,  which  acts,  its  value  will  be  rapidly  destroyed.  The 
more  concentrated  the  solution,  the  more  rapidly  the  precipi¬ 
tate  will  form.  Hence  it  is  much  more  advantageous  to  form  the 
precipitate  first,  and  then  dissolve  it,  and  in  this  way  to  form 
the  permanent  solution.  The  amount  required  to  form  the 
standard  solution  is  1  per  cent,  copper  sulphate  to  2.25  per  cent, 
sodium  hyposulphite,  as  more  copper  sulphate  forms  a  precipitate, 
and  renders  the  solution  weaker.  This  precipitate  dissolves, 
however,  when  more  sodium  hyposulphite  is  added.  An  excess 
of  copper  is,  therefore,  very  undesirable.  An  excess  of  hypo¬ 
sulphite  is  not  so  much  so,  although  the  weaker  the  solution  the 
less  efficacious  it  is  on  native  silver  and  silver  sulphide.  Dilute 
standard  solutions  at  a  temperature  of  about  50  deg.  Cent,  act 
more  energetically  than  stronger  solutions  at  a  higher  or  lower 
temperature.  Extra  solutions  made  from  calcium  hyposulphite 
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act  as  energetically  as  those  made  from  sodium,  while  the  potash 
compound  is  much  less  powerful.  When  a  solution  containing 
an  acid  is  heated  to  55  deg.  Cent.,  the  cupreous  hyposulphite 
decomposes  into  copper  sulphide  and  sulphuric  acid.  The  stock 
solution  from  which  the  extra  solution  is  made  should  therefore 
not  contain  free  acid.  It  never  becomes  caustic,  as  this  is  con¬ 
stantly  neutralised  by  the  cupreous  sulphate.  The  solution  is  let 
on  to  the  ore  from  above,  filters  through,  and  is  pumped  up 
again  several  times,  in  order  to  dissolve  out  as  much  as  possible 
of  the  metals,  by  pumps  made  of  hard  rubber  or  lead. 

The  extra  solution  cannot  be  kept  in  stock,  as  it  is  liable  to  be 
affected  by  various  causes,  and  in  order  to  get  over  this  difficult)' 
of  making  it,  it  is  made  only  as  it  is  wanted  during  the  process. 
To  do  this  at  Bullionville  a  wooden  box  with  perforated  bottom 
is  placed  just  under  the  valve  of  the  solution  pipe  over  each 
tub.  Into  this  box  is  put  3  lb.  of  blue  stone  for  each  ton  of 
ore  in  the  ore  tub,  and  1  lb.  of  hyposulphite  for  each  ton  of  ore, 
making  37 J  lb.  of  blue  stone  and  12  J  lb.  of  hyposulphite  for 
each  charge  of  12^  tons.  The  solution  is  then  again  allowed  to 
run  on  to  the  ore,  and  in  doing  so  it  dissolves  the  blue  stone 
and  hyposulphite.  When  the  cupreous  hyposulphite  solution 
stands  10  in.  deep  on  the  top  of  the  ore  in  the  ore  tub,  the  solu¬ 
tion  is  shut  off  and  the  leaching  downward  is  continued.  When 
the  10  in.  of  solution  on  top  of  the  ore  has  decreased  to  2  in.,  the 
discharge  end  of  the  syphon  pump  is  connected  with  a  hose 
hanging  down  by  the  side  of  the  ore  tub,  and  leading  over  the 
side.  If  the  quantity  of  extra  solution  on  hand  falls  short  of 
the  requisite  quantity,  ordinary  solution  is  aaded  to  it  to  make 
up  the  deficiency.  When  a  sufficient  quantity  of  the  extra  solu¬ 
tion  thus  weakened  has  passed,  the  hose  is  disconnected  and 
the  usual  leaching  is  again  commenced.  The  solution  is  thus 
kept  rotating  through  the  ore  for  four  to  six  hours.  As  soon  as 
the  two  inches  on  top  of  the  ore  has  been  reduced  to  the  level  of 
the  ore, the  ordinary  solutionis  turned  on  again,  and  the  leaching 
continued  for  3 h  hours.  At  the  end  of  that  time  the  solution  on 
top  of  the  ore  is  shut  ofi  and  the  leaching  continued  until  the 
ordinary  solution  has  sunk  to  the  surface  of  the  ore.  The  wash 
water  is  then  turned  on,  and  is  continued  for  about  four  hours, 
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until  the  ore  is  thoroughly  washed.  The  tap-hole  in  the  bottom 
of  the  tub  is  then  opened  and  the  tailings  sluiced  out. 

As  all  of  the  solutions  must  be  heated  to  get  the  best  effect, 
this  is  done  with  coils  of  lead  pipe  placed  in  the  tanks,  through 
which  steam  is  made  to  pass,  which  thus  keeps  the  solutions  at 
the  proper  temperature.  The  quantity  of  silver  dissolved  out 
from  the  ore  will  depend  on  the  surface  exposed  to  the  liquid. 
Hence  the  ore  should  be  as  fine  as  possible,  without  being  so  fine 
as  to  be  in  the  shape  of  dust.  If  the  roasting  has  been  properly 
done,  it  will  always  be  greater  than  the  assay,  as  the  solutions 
have  longer  time  to  act  on  the  large  scale  than  on  the  small. 
The  question  might  be  asked,  Why  not  dispense  with  the  first 
lixiviation  altogether  and  use  only  the  extra  solution  ?  The 
results  of  a  large  number  of  experiments  have  shown  that  in 
almost  every  case  when  the  two  solutions  were  used  one  after 
the  other,  more  of  the  precious  metals  were  extracted  than  when 
only  one  was  used.  It  has  also  been  found  that  in  the  treatment 
of  some  raw  ores  the  difference  in  favour  of  the  extra  solution 
has  been  as  high  as  60  per  cent.,  and  in  chlorurised  ores  as  high 
as  80  per  cent. 

Sometimes  it  may  be  worth  while  to  treat  raw  ores,  especially 
when  they  contain  much  native  silver,  by  the  extra  solution  first. 
Thus  it  has  at  Bullionville  been  found  most  expedient  to  use  the 
extra  solution  first  and  the  ordinary  solution  afterwards.  The 
amount  of  silver  extracted  from  these  ores  has  been  J>10.40 
per  ton.  It  has  been  found  that  silver  may  still  be  extracted 
from  the  tails  of  the  amalgamation  process  by  the  extra  solu¬ 
tion,  and  it  is  probable  that  when  ore  can  be  amalgamated 
directly,  lixiviation  can  take  its  place.  There  is,  however,  one 
class  of  ores  which  cannot  be  treated  without  previous  roast¬ 
ing  ;  these  are  those  in  which  the  silver  is  contained  in  lead 
carbonate. 

When  the  ore  contains  no  caustic  lime,  half  the  ordinary  solu¬ 
tion  is  added  first  and  then  the  extra  solution  is  circulated,  o  to 
10  per  cent,  less  of  it  being  used  than  would  be  necessary  to 
saturate  the  ore,  in  order  to  avoid  waste.  Then  the  ordinal} 
solution  is  put  on  again.  The  time  required  for  the  ordinal} 
solution  is  from  twelve  to  thirty  hours.  That  for  the  extra 
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solution  is  from  four  to  six  hours.  When  the  ore  contains  con¬ 
siderable  caustic  lime  immediately  after  it  is  washed  with  water, 
the  leaching  is  suspended  and  the  ore  is  impregnated  with  copper 
sulphate  of  the  strength  of  1  lb.  to  the  ton  of  ore,  dissolved  in 
water  enough  to  fill  the  vat  to  the  depth  of  fiom  1  in.  to  2  in. 
This  is  done  to  prevent  the  weakening  of  the  extra  solution  by 
the  water  contained  in  the  ore.  It  is  added  as  soon  as  the  wash 
water  has  sunk  below  the  surface  of  the  ore.  A  large  quantity 
of  cold  extra  solution  is  then  run  through  first  to  saturate  it,  but 
without  circulation.  It  is  put  on  in  several  charges,  commencing 
with  one  of  .4  per  cent,  and  gradually  decreasing  in  strength 
to  .1.  This  is  done  in  order  to  saturate  the  caustic  lime.  The 
volume  of  extra  solution  varies  from  18  to  40  cubic  feet  per  ton. 
The  ordinary  solution  is  then  put  through,  also  cold.  Its  volume 
varies  from  20  to  00  cubic  feet. 

The  following  experiments  were  made  at  Lake  ^  alley.* 
The  roasted  ore  while  still  red  hot,  was  cooled  by  a  spray  of 
water.  The  result  was  a  reduction  of  10  per  cent,  in  the  leach¬ 
ing  as  compared  with  the  same  ore  which  had  been  allowed 
to  become  comparatively  cool.  In  leaching  the  ore  with  water 
a  briny  liquid  was  obtained,  which  held  several  ounces  of 
silver  per  ton  of  ore  in  solution.  Two  pounds  of  sulphuric 
(acid  per  ton  of  ore  neutralised  the  caustic  so  as  to  give  an  acid 
reaction.  By  heating  the  solution,  the  silver  was  precipitated 
with  iron  in  twelve  hours.  When  the  ore  after  leaching  was 
treated,  first  with  the  ordinary  and  then  with  the  extra  solution, 
no  silver  was  dissolved  by  the  extra  solution,  but  when  after 
leaching  with  water  the  extra  solution  was  used,  the  extraction 
of  the  silver  increased  from  20  to  25  per  cent,  over  what  was 
extracted  by  the  usual  method.  The  cupreous  hyposulphite 
neutralised  the  calcium  hydroxide  and  prevented  the  solution 
from  becoming  caustic.  Both  the  ordinary  and  the  extra  solution 
should  be  used  fresh,  hence  the  effort  is  made  when  it  can  be 
done  to  form  it  as  it  is  used.  If  kept  unused  for  any  length  of 
time,  sulphates  are  formed  by  the  action  of  the  air,  and  the  solu¬ 
tion  loses  its  solvent  power. 

It  appeal's  as  the  result  of  trial,  that  pait  of  the  silver  in  the 
*  Trans.  Am.  Inst.  Min.  Eng.  vol.  xv.,  May,  188G. 
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roasted  ore  exists  as  sulphate.  It  has  been  proposed  to  use  for 
such  products  as  are  now  treated  by  the  Ziervogel  process,  a 
much  less  careful  and  consequently  a  cheaper  roasting  for 
silver  sulphate  *  and  then  to  add  the  extra  solution  to  the  ore, 
after  it  has  been  leached  with  hot  water  without  removing  it 
from  the  tanks.  All  the  silver  in  the  ore,  except  such  as 
was  contained  in  any  fused  or  fritted  product,  which  ought 
not  to  be  there  at  all  if  the  temperature  has  been  properly 
regulated,  would  be  dissolved.  This  would  make  the  compli¬ 
cated  processes  now  used  on  the  Ziervogel  tub  residues  un¬ 
necessary,  and  would  probably  be  much  more  satisfactory  in  its 
results.  The  Table  on  next  page  shows  the  effect  of  leaching  by 
the  two  solutions. 

The  solution  from  the  tanks  may  contain  arsenic,  antimony, 
lead,  copper,  silver,  gold,  and  lime.  No  iron  manganese  or  zinc 
can  be  present  if  the  ore  has  been  properly  washed.  Arsenic  and 
antimony  come  from  the  arsenic  and  antimony  compounds  in  the 
roasted  ores.  Lead  comes  from  the  lead  sulphide  in  both  raw 
and  roasted  ores.  Copper  comes  from  the  extra  solution,  from 
chlorides  in  roasted  ores,  and  from  carbonates  in  raw  ores.  Lime 
comes  from  calcium  sulphate  and  caustic  lime  in  roasted  ores, 
and  from  gypsum  in  law  ores.  The  amount  of  lead  that  is  con¬ 
tained  in  the  solution  rarely  exceeds  5  lb.  to  the  ton  of  ore. 
Lead  sulphate  is  more  easily  soluble  in  warm  than  in  cold  solu¬ 
tions,  and  in  concentrate  than  in  dilute  solutions,  but  practically 
with  such  small  amounts  these  circumstances  make  but  little 
difference.  A  large  amount  of  lead  sulphate  in  the  ore  does  nut 
practically  affect  the  results,  as  all  of  it  is  not  dissolved.  Awhile 
it  is  desirable  to  reduce  the  quantity  of  lead,  it  is  to  be  borne 
in  mind  that  the  only  object  of  the  process  is  the  extraction 
of  the  silver,  and  that  the  arrangement  of  details  must  be  made 
w  ^  Terence  to  it.  The  total  amount  of  base  metals  is  only  a 
few  pounds  to  the  ton  of  ore.  It  is  removed  at  this  stage  of 
the  process,  because  if  allowed  to  remain  it  would  deteriorate  the 
quality  of  the  bullion  made  from  the  precipitated  sulphides. 

IV  Precipitation  of  the  Lead  by  Sodium  Carbonate. 

Mr.  Russell  has  discovered  that  lead  carbonates  are  not 
*  Trans.  Am.  Inst.  Alin.  Eng.,  vol.  xiii.,  p.  80. 
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soluble  in  the  hyposulphite  solution,  while  other  salts  of  lead, 
silver,  and  copper  are.  If  a  solution  of  pure  lead  sulphate  in 
sodium  hyposulphite  is  treated  with  sodium  carbonate,  the  pre¬ 
cipitation  is  so  complete  that  sulphuretted  hydrogen  gives  no 
precipitate  in  the  filtrate.  If  sodium  carbonate,  therefore,  is  added 
to  the  solutions  drawn  from  the  leaching  tanks  the  lead  will  be 
precipitated,  while  the  other  metals  will  remain  in  solution. 
The  solution  is  made  with  the  ordinary  stock  solution  of  hypo¬ 
sulphite  by  adding  12  lb.  to  16  lb.  to  each  cubic  foot  of  stock 
solution.  This  is  done  in  the  storage  tank.  The  separa¬ 
tion  of  the  lead  is  so  complete  that  no  trace  of  it  remains. 
The  calcium,  iron,  manganese,  and  zinc  carbonates  are  also 
soluble.  Any  soluble  salts  of  these  metals,  which  were  con¬ 
tained  in  the  ore  or  that  were  formed  in  the  first  stages  of 
roasting,  would  be  decomposed  in  the  last  stages  of  the  roasting, 
or  if  they  were  not  they  would  be  washed  out  in  the  first  wash 
of  water,  and  would  not  be  found  in  the  pulp.  To  effect  this 
separation  of  the  lead  it  is  most  convenient,  as  well  as  economical, 
to  make  use  of  the  ordinary  commercial  soda  ash,  which  can  be 
procured  at  a  low  price  almost  anywhere.  Only  such  as  contains 
from  70  to  76  per  cent  should  be  used.  It  comes  in  sheet-iron 
drums,  holding  from  680  lb.  to  700  lb.,  and  costs  in  New  York  about 
2i  cents  per  pound  for  a  60  per  cent,  article.  Once  opened  it 
should  not  be  left  exposed,  as  it  absorbs  carbonic  acid  from  the 
air.  This  substance  is,  however,  never  pure.  It  is  likely  to 
contain  besides  the  sodium  carbonate  both  caustic  soda  and 
sodium  sulphide,  which,  if  present  in  the  solution,  would  preci¬ 
pitate  the  silver  in  the  lead.  A  solution  made  from  such  impure 
material  will  throw  down  some  silver  as  sulphide  and  produce  a 
lead  carbonate  which  may  contain  as  much  as  100  oz.  of  silver  to 
the  ton.  To  prevent  this,  the  solution  of  soda  ash  is  first  dissolved 
in  water  containing  1.50  per  cent,  of  sodium  hyposulphite,  then 
boiled  with  sulphur,  which  forms  sodium  hyposulphite  and  poly- 
sulphido  with  the  caustic  soda.  The  polysulphides  are  then  preci¬ 
pitated  with  copper  sulphate.  Copper  sulphide  is  formed,  and 
this  is  insoluble  in  the  hyposulphite  solution.  This  separation 
of  lead  makes  the  use  of  sodium  hyposulphite  absolutely  neces¬ 
sary.  Calcium  hyposulphite  cannot  be  used  because  the  calcium 
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would  be  precipitated  with  the  lead.  Soda  ash  is  now  made  at 
Syracuse,  New  York,  by  the  Solway  process  98.7  per  cent,  pure, 
and  costs  there  1.4  cents  per  pound.  As  it  is  entirely  free  from 
caustic  soda  and  sodium  sulphide,  it  can  be  used  as  it  is  without 
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prepared  by  boiling  sodium  hydrate  with  sulphur,  and  as  the 
hydrate  is  readily  soluble,  the  formation  of  the  sulphide  is  much 
more  easily  effected,  and  the  solution  itself  is  much  more  effective 
as  a  precipitant  than  the  calcium  sulphide,  which,  however,  in 
any  case  could  not  be  used  in  the  presence  of  lead,  whose  hydrate 
is  not  so  soluble.  The  sodium  sulphide,  besides,  can  be  heated  to 
100  deg.  without  much  detriment,  as  it  decomposes  slowly,  while 
the  calcium  sulphide  can  only  be  heated  to  a  low  point  without 
decomposing.  The  only  objection  to  its  use  is  the  cost  of  the 
sodium  hydrate  as  compared  with  the  caustic  lime.  Much  less 
sulphur  is,  however,  used  in  making  it,  and  this  with  the  other 
advantages  it  possesses  as  a  precipitant  makes  it  better  and  no 
doubt  as  cheap,  if  not  cheaper,  than  the  calcium  sulphide.  A 
practical  experiment  to  determine  this  was  made  at  the  Cusihui- 
riacluc  Mill  in  Mexico,  which  treats  50  tons  in  twenty-four 
hours.*  The  mill  was  run  thirty-eight  days  on  sodium  sulphide 
and  twenty-one  days  on  calcium  sulphide  with  the  following 
results : 

Sodium  Sulphide  Calcium  Sulphide 


38  Days.  21  Days, 

cents.  cents. 

Average  value  of  the  ore  treated,  in  ounces  35.1  39 

4.4  lb.  of  caustic  soda  per  ton  of  ore  at  10  cts.  44. 

2.9  „  sulphur  „  „  7  ,,  20.3 

24  ,,  caustic  lime  „  ,,  1  „  ..  24 

10.3  ,,  sulphur  „  ,,  7  ,,  ...  72.1 

Total  .  G4.3  96.1 


If  the  cost  of  the  39  oz.  of  ore  treated  with  calcium  sulphide  is 


reduced  to  35  oz.,  we  have : 

cents. 

21.  G  lb.  of  caustic  lime  at  1  cent 

21. G 

9.3  ,,  sulphur  at  7  cents  . 

G5.1 

Total  . 

86.7 

A  difference  of  22.4  cents,  or,  on  50  tons,  of  $11.20  per  day. 

The  price  of  74  per  cent,  caustic  soda  in  New  York  is  3  cents  per 
pound  ;  that  of  pulverised  sulphur  2J  cents.  In  this  market 
there  would  therefore  be  a  saving  of  2.8  cents  per  pound  of  ore 
of  a  similar  character.  Calcium  sulphide  can  only  be  cheaper 
*  “Engineering  and  Mining  Journal,”  vol.  xlii.,  p.  383. 
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than  sodium  sulphide  when  the  lime  is  counted  as  almost  nothing, 
and  sodium  sulphide  is  very  much  cheaper  than  caustic  soda. 
Independent  of  this  is  the  labour  of  making  the  two  reagents. 
At  Cusihuiriachic  four  iron  tanks,  2\  ft.  by  3  ft.  by  6  ft.,  had  to 
be  kept  boiling  by  day  and  night  in  order  to  supply  the  calcium 
sulphide  for  the  50  tons  of  ore  to  be  treated,  while  in  one  half- 
hour  enough  sodium  sulphide  was  made  for  150  tons.  The  solu¬ 
tion  when  prepared  contains  considerable  sodium  hyposulphide, 
and  as  this  salt  is  formed  from  the  sulphide  by  the  precipitation 
of  the  metals,  it  grows  stronger  by  use.  The  solutions  should 
be  used  at  once,  as  after  a  time  the  dilute  solutions  lose  their 
power.  While  the  sodium  sulphide  is  being  added,  the  liquor 
should  be  very  vigorously  stirred  with  a  paddle.  OnH  just  the 
quantitv  of  sulphide  required  should  be  used.  If  more  has 
been  used  than  is  necessary',  more  of  the  silver  solution  should 
be  added.  The  precipitating  tanks  should  therefore  never  be 
tilled  to  the  top,  for  the  reason  that  it  may  be  necessary'  to  add 
new  solution,  but  if  any  silver  happens  to  be  left  in  the  solution 
it  is  not  lost,  as  all  the  solutions  are  used  over  again.  In  case 
the  ore  contains  no  lead,  the  solution  may  contain  lime,  which,  if 
not  separated,  may  come  down  with  the  siKer  and  make  it 
impure.  It  is  therefore  best  to  add  the  sodium  carbonate,  decant 
the  liquor,  and  then  add  the  sodium  sulphide.  The  amount  of 
sodium  sulphide  used  depends  principally  on  the  amount  of 
copper  contained  in  the  solution. 

VI.  Treatment  of  the  Precipitates. 

After  every  precipitation  the  supernatant  liquor  is  drawn  oft' 
to  be  used  over  again  and  fresh  liquor  containing  metals  in 
solution  is  let  into  the  tanks ;  when  a  sufficient  number  of  pre¬ 
cipitations  have  been  made,  the  sulphides  are  withdrawn  and 
dried,  as  at  the  Bertrand  Mill ,*  or  better,  are  put  through  a 
filter  press.  If  they  are  to  be  roasted  the  sulphides  must  be  first 
dried  and  then  carefully  oxidized,  so  as  to  leave  sulphur  enough 
to  form  a  matte  with  the  copper,  which  will  be  very  rich  in  silver. 
Or  they  may  be  dissolved  without  previous  drying  in  sulphuric 
acid  at  GC  deg.  Baum^  to  which  sodium  nitrate  has  been  added.f 
*  See  page  512. 

+  Traus.  Am.  Inst.  Min.  Eng.,  vol.  xiii.,  page  104. 
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Some  silver  chloride  will  be  formed  from  the  impurities  con¬ 
tained  in  the  reagents,  and  this  with  the  gold  will  remain  undis¬ 
solved.  The  sulphur  which  collects  is  used  in  the  formation  of 
the  sodium  sulphide.  The  escaping  nitric  acid  is  caught  in  a 
coke  tower.  The  silver  sulphate  is  reduced  with  copper  to 
metallic  silver  and  melted.  The  copper  sulphate  is  crystallised, 
a  part  of  it  is  used  in  the  extra  solution,  and  the  rest  either  sold 
or  precipitated  with  iron.  The  residue  of  gold  and  silver 
chloride  is  allowed  to  accumulate  and  is  treated  by  itself  when 
there  is  enough  of  it.  When  the  sulphides  are  to  be  sold  they 
should  be  washed  before  shipment  in  order  to  drive  off  the  free 
sulphur  they  contain.  The  smelting  works  near  New  York  pay 
99  per  cent,  of  the  New  York  value  of  the  silver  contained  in 
them.  The  price  paid  for  gold,  silver,  and  copper  in  the  roasted 
sulphides  is  as  follows : 

For  gold,  $18  per  ounce. 

,,  silver,  98  per  cent,  of  New  York  quotations. 

,,  copper,  3£  cents  per  pound. 

Less  $100  per  ton  for  treatment. 

Russell’s  process  is  now  in  use  in  Silver  Reef,  Bullionville,  and 
the  Ontario  Mill.  At  the  former  place  it  is  used  on  tailings  at 
the  rate  of  25  tons  per  day,  the  tailings  assaying  6J  oz.  to  9i  oz. 
of  silver  but  no  gold.  The  total  expenses  per  ton  are  $1.65. 
The  percentage  of  precious  metal  extracted  averages  55  to  60. 
The  quantity  increases  as  the  men  become  better  acquainted 
with  the  process.  The  amount  of  blue  stone  used  per  ton  is 
2J  lb.  This  quantity  gives  as  good  results  as  more  would  do. 
The  presence  of  copper  carbonate  in  the  ore,  which  is  the 
only  compound  of  copper,  so  far  as  is  yet  known,  except  the 
sulphate,  which  occurs  in  nature  and  is  soluble  in  the  ordinary 
hyposulphite  solution,  causes  the  sulphides  to  have  a  low  per¬ 
centage  of  silver  and  a  high  percentage  of  copper.  The  copper 
carbonate  occurs  in  considerable  quantity  in  the  White  Reef,  but 
very  little  is  found  in  the  other  reefs  of  Silver  Reef.  The 
former,  however,  is  the  one  being  worked  by  Russell’s  process. 
On  account  of  the  presence  of  the  copper  carbonate  the} 
contain  only  3500  oz.  per  ton  in  silver.  The  net  price  obtained 
per  ounce  in  Salt  Lake  for  these  sulphides  in  1885  was  95  per  cent 
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of  Now  York  quotations.  The  plant  at  Silver  Roof  is  now  being 
enlarged  and  rolls  added  so  as  to  treat  the  ore  of  all  tho  reefs. 
With  pure  ores  the  product  of  the  sulphide  will  prol>al>ly  rise  to 
12,000  oz.  to  15,000  oz.  of  silver  to  the  ton. 

At  Silver  City  30  tons  of  tails  from  the  amalgamation  works 
have  been  treated  daily,  which  have  been  concentrated  since  they 
passed  the  pans.  They  assay  30  oz.  of  silver  and  are  free  from 
gold.  From  these  tails  the  Von  Patera  process  extracts  33  per 
cent.,  and  the  Russell  process  72.4  per  cent.  It  would  have  been 
possible  to  have  extracted  22  per  cent,  by  amalgamation  before 
leaching,  but  further  mechanical  concentration  has  no  effect  upon 
them  whatever.  The  work  with  this  process  shows  that  it  ex¬ 
tracts  within  .15  of  an  ounce  as  much  as  the  assay.  When  the 
process  was  first  introduced  three  tubs  were  used  for  leaching  30 
tons  a  day,  which  are  12  ft.  in  diameter  by  40  in.  deep.  Each  tub 
is  charged  within  2  in.  of  the  top,  the  charge  being  15  to  16  tons. 
The  amount  of  extra  solution  used  is  equal  to  cubic  feet  for 
each  ton  of  ore.  This  solution  is  made  by  dissolving  4  lb.  of 
blue  stone  per  ton  of  ore  in  the  ordinary  24  per  cent,  hyposul¬ 
phite  solution.  The  extra  solution,  therefore,  contains  one  per 
cent,  of  blue  stone  and  2 4  per  cent,  of  hyposulphite.  This  is 
heated  by  means  of  a  coil  in  the  solution  tank  up  to  100  deg.  to 
120  deg.  Fahr.  This  is  circulated  in  the  tails  for  six  hours,  at  tho 
end  of  which  time  it  is  drawn  into  the  precipitating  tubs,  and 
the  ordinary  hyposulphite  solution  turned  on  and  continued  for 
12  hours,  but  is  not  circulated.  At  the  end  of  tho  12  hours  the 
tails  are  washed  with  water  for  20  hours.  The  tubs  are  emptied 
by  sluicing,  which  bikes  14  hours.  They  are  filled  from  a  bin 
which  holds  55  tons,  which  bikes  three-quarters  of  an  hour.  The 
amount  of  extra  solution  used  is  thus  6J  cubic  feet,  the  amount 
of  ordinary  solution  13  cubic  feet,  and  the  amount  of  wash  water 
23  cubic  feet  per  ton.  The  rate  of  leaching  depends  upon  the 
fineness  of  the  ore  or  of  the  tails.  The  average  fineness  is  such 
that  90  per  cent,  of  it  passes  through  an  80  screen.  This  can  be 
leached  at  the  rate  of  only  2  in.  per  hour.  When  the  fineness 
rises  to  97  only  three-quarters  of  an  inch  per  hour  can  be  leached. 
If  it  was  80,  24  in.  per  hour.  These  depths  are  gauged  from  the 
way  the  liquid  on  top  of  the  ore  sinks.  It  would  be  impossible, 
owing  to  the  fineness  and  slaty  character  of  these  tails,  to  leach 
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them  at  all  without  the  vacuum,  which  here  is  not  very  perfect, 
the  best  that  they  have  been  able  to  get  corresponding  only  to 
14  in.  of  mercury.  The  use  of  these  vacuum  pumps  makes  the 
position  of  the  tubs  immaterial,  so  that  the  works  can  be  laid  out 
according  to  any  plan  that  seems  judicious,  as  gravity  need  not 
have  anything  to  do  with  the  transfer  of  the  various  solutions. 
This  is  a  great  advantage  in  certain  districts  where  the  larger 
part  of  the  ground  is  level.  For  these  works,  as  now  constructed, 
there  are  three  storage  tanks,  two  for  ordinary’  solution  and  one 
for  extra  solution.  These  are  8J  ft.  in  diameter  by  8i  ft.  high, 
and  are  made  with  3  in.  staves.  There  are  three  precipitation 
tubs  of  the  same  size.  There  are  seven  ore  tubs  14  ft.  in  diameter 
and  5  ft.  high,  which  hold  from  30  tons  to  35  tons  of  tails,  in 
which  the  charge  will  be  from  4  ft.  to  4th  ft  deep.  The  average 
weight  of  a  cubic  foot  of  these  tails  in  the  tubs  dried  is  105  lb. 
With  this  plant  the  mill  can  treat  100  tons  to  125  tons  per  day. 
The  ore  is  dried,  conveyed,  crushed  by  rolls,  elevated,  leached, 
and  the  bullion  produced,  at  a  cost  of  81.80  per  ton.  This  in¬ 
cludes  the  incidental  expenses  of  assaying,  management,  office  ex¬ 
penses,  &c.  The  sulphides  resulting  from  the  precipitation  by 
sodium  sulphide  are  put  through  a  filter  press  with  a  pressure  of 
150  lb.  to  the  square  inch.  They  still  contain,  however,  38  per 
cent,  of  moisture.  When  dried,  thej'  assay  about  4500  oz.  per 
ton.  After  driving  oft*  the  sulphur  they  lose  47  per  cent,  and 
assay  about  89000,  or  30  per  cent,  of  silver.  The  percentage  of 
copper  contained  is  33  per  cent.  When  melted  in  the  bars  the 
bullion  is  about  400  fine,  the  impurities  being  mostly  copper. 
The  caustic  soda  which  is  used  comes  in  drums,  which  weigh 
about  700  lb.,  and  cost  at  Silver  Reef  5  cents  per  pound.  The 
drum  is  broken  up  into  10  lb.  pieces  and  put  into  an  iron  tank 
and  its  own  weight  of  water  put  over  it.  It  is  then  heated  with 
steam,  and  in  about  an  hour  half  of  the  mass  is  dissolved,  and  at 
a  temperature  of  about  235  deg.  Fahr.  Sulphur  equal  to  two- 
thirds  of  the  weight  of  the  caustic  soda  is  then  added.  This 
causes  violent  ebullition,  the  temperature  rising  immediately  to 
280  deg.  Fahr.  In  about  half  an  hour  after  the  sulphur  is  added 
the  sodium  sulphide  is  ready  for  use.  The  total  bulk  is  equal  to 
an  amount  of  water  weighing  three  times  as  much  as  the  caustic 
soda.  The  sodium  sulphide  will  precipitate  volume  for  volume 
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over  one  hundred  times  as  much  silver  as  the  strongest  calcium 
sulphide  solution  made  in  practice  by  steam,  and  seventeen  times 
as  much  as  the  strongest  calcium  sulphide  which  can  be  made  in 
the  laboratory.  Each  pound  of  caustic  soda  in  this  solution  will 
precipitate  2.24  lb.  of  silver,  and  each  pound  of  sulphur  precipi¬ 
tate  3.36  lb.  of  silver.  The  strongest  calcium  sulphide  solution 
which  can  be  made  in  the  laboratory  will  precipitate  only  1.65  lb. 
of  silver,  and  the  sulphur  the  same.  Wien  copper  is  to  be  pre¬ 
cipitated,  however,  the  amount  of  metal  precipitated  is  much 
less ;  700  lb.  of  caustic  soda  and  466  lb.  of  sulphur  is  sufficient 
for  270  tons  of  ore,  and  will  precipitate  about  354  lb.  of  metal,  of 
which  168  lb.  is  silver  and  186  lb.  copper.  The  following  is  a 
Table  of  the  cost  of  expenses  of  leaching  100  tons  of  raw  tails 
per  day  and  hauling  it  by  team  at  Silver  City : 


Raw  Leaching  100  Tons  Tailings  per  Day  at  Silver  City. 


Hauling  by  team  ...  . 

Per  Day. 

Per  Ton. 

...  @  $0.40  = 

$40.00  ] 

2  weighers . 

...  „  2.00  = 

$44.00  J 

drying,  crushing, 

AND  CONVEYING. 

1  engineer . 

Per  Day. 

Per  Ton. 

...  <$  $3.50  = 

$3.50 

1  blacksmith  . 

...  ,,  4.00  = 

4.00 

1  helper . 

...  „  2.00  = 

2.00 

4  feeding  dryer  ... 

...  „  2.00  = 

8.00 

2  firing  . 

...  ,,  3.00  = 

G.00 

3  on  conveyers  ... 

...  „  1.75  = 

5.25 

2  ,,  rolls  ... 

...  „  2.50  = 

5.00 

1  ,,  wood . 

...  ,,  2.00  = 

2.00 

1  roustabout  . 

...  „  1.75  = 

1.75 

3  cords  wood  . 

...  „  3.50  « 

10.50  j 
48.00  j 

MILLING,  LABOUR, 

,  WOOD,  &c. 

1  engineer . 

Per  Day. 

Per  Ton. 

...  $3.50  - 

$3.50 

1  carpenter  . 

...  „  3.00  = 

3.00 

2  on  tubs . 

...  „  3.00  « 

0.00 

2  helpers . 

...  „  2.00  = 

4.00 

2  on  precipitation  tubs . 

...  „  3.00  - 

0.00 

1  „  sulphides  . 

...  „  2.50  = 

2  50 

2  roustabouts  . 

...  „  1.75  = 

3.50 

cords  wood  . 

...  „  3.50  => 

8.75 

Incidentals,  oil,  repair  materials, 

&c....  „  10.00  = 

10.00 

$47.25 

=  44  cts. 


=  48  eta. 


47i=cta. 
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CHEMICALS. 


4  lb.  blue  stone,  per  ton  of  ore  ... 

Per  Day.  Per  Ton. 

...  ©Gets.  —  $24.00'! 

...  „  3*,,  =  10.50  | 

3  ,,  hyposulphite  f, 

lj  ,,  sulphur  „ 

...  „  4  „  =  7.00  | 

2J  „  caustic  ,, 

...  „  5  „  =  12.50  !-  —55  cts. 

£  ,,  sulphuric  acid  ,, 

...  „  4  „  =  1.00  , 

GENERAL 

55.00  j 

EXPENSES. 

Office  management,  assaying  ... 

. $20.00  =26  cts. 

Resume  of  Ejrjtenses  of  Raw  Leaching  100  7Ws  per  Day. 

Drying,  crushing  and  conveying 

.  $48.00 

Milling,  labour  and  wood 

.  47.25 

Chemicals . 

.  55.00 

General  expenses  . 

.  2G.00 

170.25 

At  the  Ontario  Mill  about  17,000  oz.  of  silver  was  produced 
up  to  June,  1885,  by  the  Russell  process,  the  value  per  ton 
of  the  raw  sulphide  varying  from  8000  oz.  to  12,000  oz.  of  silver. 
When  roosted  they  lose  about  40  per  cent,  of  their  weight,  and 
rise  in  value  from  13,000  oz.  to  20,000  oz.  By  using  sodium 
sulphide  instead  of  calcium  sulphide  a  product  of  much  higher 
grade  is  obtained,  as  if  calcium  sulphide  is  used,  the  .calcium 
unites  with  any  sulphuric  acid  or  sulphate  of  soda  produced  by 
the  decomposition  of  the  hyposulphite,  or  in  other  ways,  making 
sulphate  of  lime  which  is  insoluble  and  is  precipitated  with  the 
sulphide  of  silver,  and  debases  it. 

This  process  has  also  been  in  use  since  January,  1885,  at 
Bullionville,  Nevada,  where  about  300,000  tons  of  tailings  have 
accumulated.  The  capacity  of  the  mill  is  about  175  tons  of  raw 
tailings  per  day.  The  cost  of  altering  the  old  10-stamp  amalga¬ 
mating  mill  into  raw  leaching  works  of  the  above  capacity  was 
about  $8000,  and  the  cost  of  a  Hallidie  wire  ropeway  which 
hauls  200  tons  of  tailings  per  day  up  to  the  mill,  and  is  3000  ft. 
long,  was  about  $3700.  Some  details  of  the  raw  leaching  at 


this  mill  are  given  below  :* 

Average  weight  of  cubic  foot  of  tailings,  dry .  80  lb. 

»»  percentage  of  moisture  ...  ...  ...  8  per  cent. 

Total  capacity  of  tubs  (level  full)  in  cubic  feet  ...  323 

>>  weight  of  charge  of  dry  ore  per  tub .  12|  tons 


*  For  these  details  I  am  indebted  to  Mr.  E.  H.  Russell. 
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Average  time  of  filling  tuba  with  ore . 

leaching  with  ordinary  solution 
,,  Russell's  process 

,,  water . 

sluicing  and  tailings . 

Total  time  between  charges  . 

Average  depth  of  chargo  of  dry  ore . 

„  „  „  after  leaching 

Diameter  of  ore  tubs  . 

Depth  of  ore  tubs  inside  above  filter . 

Thickness  of  staves  and  bottom  . 

Total  amount  of  solution  on  hand  for  175 

per  day . 

Average  strength  of  solution  in  hypo-sulphite 

,,  temperature  . 


hours 

>> 

3*  » 

4  „ 

i  »» 
18  „ 
40  in. 
33  „ 
11J  ft 
40  in. 


tons 

. . .  1550  cubic  feet 

...  .9  per  cent. 


J  90  deg.  Fahr.  to 
\  110  deg.Tahr. 


Number  of  cakes  of  sulphides  made  by  Johnson’s 

filter  press  .  24 

Weight  of  small  cakes,  each  ...  . .  8i  lb. 

„  large  „  „  .  24  „ 

Total  weight  of  full  charge  (0  large,  18  small)  ...  288  ,, 

Amount  of  washed  water  required  per  ton  of  ore  ...  13  cubic  feet 

,,  ordinary  solution  required  per  ton  of  ore  30  ,,  ,, 

,,  extra  solution  .  »»  »» 


A  plant  to  treat  50  tons  to  100  tons  of  ore  per  day  should  have : 

2  hyposulphite  storage  tanks. 

1  extra  solution  vat. 

2  sumps  for  collecting  the  leach  water  and  the  silver  sulphide. 

1  tank  for  making  sodium  sulphide. 

2  tanks  for  storing  sodium  sulphide. 

1  tank  for  preparing  the  soda  ash. 

2  storage  tanks  for  soda  solution. 

1  filter  press. 

1  solution  pump. 

1  Kdrting’s  injector. 

2  to  3  tanks  for  precipitating  lead. 

2  to  4  tanks  for  precipitating  sulphide. 

Tanks  necessary  for  separating  copper  and  silver  from  the  wash 
water. 


Working  Statistics  for  Chlorurjsino  a.nd  Liaiwatino  100  Tons 
a  Day  of  Ore. 

Val 

Amount  of  first  wash  water,  per  ton 

,,  ordinary  solution,  per  ton  ... 

,,  extra  solution,  per  ton 

,,  second  wash  water,  per  ton 

Per  cent,  of  hyposulphite  in  ordinary  solution 
^  ^  extra  solution 

blue  stone  in  extra  solution 


ue  75-100  oz. 

Value  10-30  oz. 

.  80  cu.  ft. 

40  cu.  ft. 

.  132  „ 

45  „ 

.  10  „ 

10  „ 

.  11  „ 

11  „ 

4  „ 

n  „ 

•  l/tf  M 

1  ft  „ 

A  n 

A  i> 

:>  38 
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Time  of  first  wash  water,  per  charge  ... 

9  hours. 

4*  hours 

,,  ordinary  solution,  per  charge 

..  23  „ 

8  „ 

,,  extra  solution,  per  charge 

5  „ 

5  ,, 

,,  second  wash  w^ater,  per  charge 

3  ,, 

3  „ 

„  charging  . 

..  1  „ 

1  „ 

,,  discharging  . 

2  „ 

2  „ 

Total  time  between  charges  . 

..  43  ,, 

23*  „ 

Value  of  product  per  ton  ...  16,000  to  18,000  oz. 

9000  to  12,000  oz. 

Fineness  of  bullion,  produced .  7 

00  to  875 

600  to  700 

The  ore  is  assumed  to  be  very  base. 

Working  Statistics  for  Raw  Lixiviation 

of  100  Ton* 

a  Day  of  Ores. 

Value  50-75  oz. 

Value  10-25  oz. 

Amount  of  ordinary  solution,  per  ton  ... 

..  80  cu.  ft. 

35  cu.  ft. 

,,  extra  solution,  per  ton 

..  o  „ 

0  „ 

,,  wash  water,  per  ton 

..  io  „ 

10  „ 

Percent,  of  hyposulphite  in  ordinary  solution  1*  ,, 

1  wi  >  > 

>>  „  extra  solution  . 

..  i|  „ 

liV  » 

,,  blue  stone  in  extra  solution 

. .  iTa  > » 

A  >» 

Time  of  ordinary  solution,  per  charge  ... 

. .  20  hours. 

9  hours. 

,,  extra  solution,  per  charge 

...  5  „ 

o  » 

„  wash  water,  per  charge 

3  ,, 

3  „ 

,,  charging . 

..  1  „ 

1  „ 

, ,  discharging  . 

o 

...  a  ,, 

2  „ 

Total  time  between  charges 

...  31  ,, 

20  „ 

Value  of  product,  per  ton  ...  13, (XX)  to  14,500  oz. 

9000  to  10,500  oz. 

Fineness  of  bullion  produced  ... 

725  to  775 

600  to  650 

Working  Statistics  for  Raw  Lixiviation  of  100  Tons  a  Day  of  Tailings. 

Value  8-15  oz. 


Amount  of  ordinary  solution,  per  ton  . 

.  30  cu. 

extra  solution,  per  ton... 

.  9  „ 

,,  wash  water,  per  ton  . 

.  10  „ 

Per  cent,  of  hyposulphite  in  ordinary  solution  . . . 

.  1*  » 

»  ,,  extra  solution 

...  ...  lio  J» 

) i  blue  stone  in  extra  solution... 

.  A  >» 

Time  of  ordinary  solution,  per  charge 
,,  extra  solution,  per  charge 

„  wash  water,  per  cliarge 

,,  charging ... 

ti  discharging  . 

Total  time  between  charges 
'N  alue  of  product,  per  ton 
Fineness  of  bullion  produced  ... 

Working  Statistics  of  Raw  Lixiviation  and  Concentration  of  100  Tons 

a  Day. 

Value  40-60  oz.  Value  10-25  oz. 

Amount  of  ordinary  solution,  per  ton...  ...  70  cu.  ft.  30  cu' 


k  Varies  with  the  fineness 

of  the  material. 


5000  oz.  to  9000  oz. 
350  to  600 
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Value  60-50  oz. 
...  9  „ 

...  10  „ 

H  „ 

If  „ 

t75  » 

18  hours. 


Amount  of  extra  solution,  per  ton 

„  wash  water,  per  ton . 

Per  cent,  of  hyposulphite  in  ordinary  solution 
„  ,,  extra  solution  ... 

,,  blue  stone  in  extra  solution 
Time  of  ordinary  solution,  per  charge  . 

,,  extra  solution,  per  charge 
„  wash  water,  per  charge 

„  charging . 

„  discharging  . 

Total  time  between  charges 
Value  of  product,  per  ton 
Fineness  of  bullion  produced 
Value  of  concentrations  in  silver,  per  ton  1  yery  variable 
„  „  ,,  lead  „  / 


29 


Value  10-25  oz. 
9  „ 

10  „ 

U  .. 

is 

8  hours 

5  „ 

3  „ 

1 

2  „ 

19  „ 


11,000  to  12,500oz.  6000to9750oz. 
625  to  700  375  to  625 

Very  variable. 


Cost  of  Raw  Lixiviation,  by  Russell  Process,  at  Bullionville, 
Nevada,  for  50  Tons  per  Day. 

Hauling  by  Hallidie  Ropeicay  (Up  Grade)  Daytime  only. 

Per  Day. 


1  man  filling  buckets  . 

1  ,,  dumping  buckets . 

1  blacksmith  . 

1  man  and  team 

li  cords  wood,  and  hauling  same 
Repair  material  . 


@  $2.50  =  $2.50 


2  men  on  ore  tubs 
1  man  on  precipitating  tubs 
1  ,,  press  and  roaster 

1  engineer . 

1  watchman  . 

1  carpenter  . 

1  man  on  tailing  pit 
1  assayer 
1  roustabout 


2.50  =  2.50 

4.00  =  4.00 

4.00  =  4.00 

4.90  =  7.35 

1.50  =  1.50 

$21.85 

Milling  Labour  (Day  Time  only). 

Per  Day. 

@  $3.00  =  86.00 

„  3.00 


=  37  cts. 
per  ton. 


2.50 

4.00 

2.50 

3.50 
2.00 
3.00 
2.00 


Chemicals  and  Supplies. 


3.00 
=  2.50 
=  4.00 
=  2.50 

=  3.50 
=  2.00 
=  3.00 
=  2.00 

$28.50 
Per  Day. 


=  57  cts. 
per  ton. 


2J  lb.  hyposulphite,  per  ton 
3  „  blue  stone  » 

3  „  sulphur  i» 

2  ,,  lime  »»  #  ** 

Coke,  crucibles,  oils,  and  repairs 
2  cords  wood,  per  day 


$.06i 

=  $8.13 

.07* 

=  10.88 

•oil 

=  1.87 

.01 

=  1.00 

=  7.50 

4.90 

=  9.80 

$39.18 

=  78£  cts. 
per  ton. 
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General  Expense. 


Office,  $12.00;  management,  10.00 

Insurance  and  taxes  . 

Freight  on  sulphides  . 

Travelling . 


Per  Day. 

$22.00 ' 

3.50 

1.50 

2.00 


=  58  cts. 
per  ton. 


$20.00 

Resume  of  the  Expense  of  Raw  Leaching. 


Total. 

Per  Ton. 

Hauling,  &c . 

.  $21.85 

$0,437 

Milling  . 

.  28.50 

0.57 

Chemicals  and  supplies  ... 

.  39.18 

0.785 

General  expenses 

.  29.00 

0.58 

$118.53 

$2,372 

Cost  of  Raw  Leaching  at  Bullionville,  Nevada,  for  100  Tons  per  Day. 


Hauling  by  Hallidie  Ropeway  ( Up  Grade),  Daytime  only. 


1  man  filling  buckets 
1  ,,  dumping  buckets  ... 

1  blacksmith  . 

1  engineer . 

1  man  and  team  . 

2  cords  wood  and  hauling  same 

Repair  material  . 


4  men  on  ore  tubs 
2  ,,  cars 

2  „  precipitating  tubs 

1  man  on  press  and  roaster 
1  engineer  and  night  foreman 

1  carpenter  . 

1  man  on  tailing  pit 

1  assayer  . 

1  roustabout  . 


Per  Day. 
@$3.00  =  $3,00  1 
„  2.50  =  2.50 

„  4.00  =  4.00 

„  4.00  =  4.00 

„  4.00  =  4.00  [ 

„  4.00  =  9.80 

„  1.50  =  1.50 


$28.80 

Milling  Labour. 

Per  Day. 

. @  $3.00  =  $12.00  1 

. 2.50  -  5.00 

. 3.00  =  G.00 

. „  3.00  =  3.00 

. ,,  5.00  =  5.00 

. „  3.50  =  3.50  - 

. .  2.00  =  2.00 

. „  3.00  =  3.00 

. „  2.00  =  2.00 


=  288  cts. 
per  ton. 


=  4H  cts. 
per  ton. 


$41.50  J 


Chemicals  and  Supplies 

Per  Day. 


2  lb.  hyposulphite,  per  ton 

...  @ 

.00J 

= 

$13.00  ) 

3  ,,  blue  stone  „ 

...  ,, 

.071 

= 

21.75 

3  ,,  sulphur  ,, 

...  ,, 

.on 

= 

3.75 

2  „  lime  ,, 

...  ,, 

.01 

= 

2.00 

Coke,  crucibles,  oils  and  ropairs  . . . 

...  ,, 

= 

10.00 

2|  cords  wood,  per  day 

...  ,, 

$4.00 

11.00 

$01.62  > 


=61A  cts. 
per  ton. 
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General  Ejpense. 


Office,  $12.00  ;  management,  $10.00 . 

Per  Day. 
...  $22.00 ' 

Insurance  and  taxes  . 

3.50 

Freight  on  sulphides  . 

1.75 

Travelling  . 

2.00 

$21).  25 , 

Resume  of  Expenses  for  Raio  Leaching. 

Total. 

Per  Ton. 

100  tons . 

.  $28.80 

$0,288 

Hauling,  &c . 

.  41.50 

0.415 

Milling 

.  61.52 

0.6152 

Chemicals  and  supplies . 

.  29.25 

0.2925 

$161.07 

*1.0107 

Cost  of  Raw  Leac  hing  at  Bullionville,  Nevada,  fou  175  Tons  per  Day. 

Harding  by  Hallidie  Ropeway  (  Up  Grade). 

Per  Day. 

4  men  611ing  buckets  . 

...  @$2.50  =  $10.00 

2  ,,  dumping  buckets . 

...  „  2.50  =  5.00 

1  blacksmith 

...  ,,  4.00  =  4.00 

1  engineer . 

...  „  4.00  =  4.00 

=  271  cts. 

2  teams  and  men . 

...  „  4.00  =  8.00 

per  ton. 

3  cords  of  wood  @  4.50  and  hauling 

...  „  .40  =  14.70 

Repair  materials . 

...  „  2.00  =  2.00 

$47.70  , 

4  men  on  ore  tubs 

2  ,,  cars  . 

2  ,,  precipitating  tubs 

1  man  on  press  and  roaster 
1  engineer  and  night  foreman 

1  carpenter  . 

1  man  on  tailing  pit 

1  assayor . 

1  roustabout 


Milling  Labour . 

Per  Day. 

.  @  $3.00  =  $12.00  ' 

„  2.50  =  5.00 

„  3.00  =  0.00 

„  3.00  *  3.00 

„  5.00  =  5.00 

„  3.50  =  3.50 

„  2.50  =  2.60 

„  3.00  -  3.00 

,,  2.00  =  2.00 


=  24  cts. 
per  ton. 


$42.00  „ 

Chemicals  and  Supplies , 

Per  Day. 


1  i  lb.  hyposulphite,  per  ton 

3  ,,  blue  stone  ,, 

3  , ,  sulphur  » 

2  ,,  lime  „ 

Coke,  crucibles,  oils,  and  repairs 

3  cords  wood,  per  day  ,, 


@  .06  j-  $17.06' 

„  .071  =  38.06 

„  .011=  6.56 

,,  .01  =  3.50  =51J  cts. 

n  b  10.00  I  per  ton 

„  $4.00  =  14.70  j 

$80.88  J 
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General  Expense. 


Office,  §12.00  ;  management,  §10.00 . 

...  §22.00 

Insurance  and  taxes  . 

3.50 

Freight  on  sulphides . 

2.50 

17£cU. 

Travelling  expenses  . 

2.00  j 

per  ton. 

§30.00  J 

1 

Resume  of  Expenses  of  Raw  Leaching  for  175  tons  a  day. 

Total. 

Per  Ton. 

Hauling,  &c . 

$47. 

70 

§0.2752 

Milling  . 

42.00 

0.24 

Chemicals . 

89.98 

0.515 

General  expenses  . 

30.00 

0.1725 

§209.08 

§1.200 

Expense  of  Chlorurisino  at  Bullionville,  Nevada,  for 
100  Tons  per  Day. 
labour. 

Ropeway. 

1  team  and  teamster  . @  §4.00  =  §8.00 

1  filling  and  1  dumping  bucket  .  „  3.00  =  0.00 


§15.00 

9.00 

27.03 

G.00 

5.00 


§12.00 

5.00 

9.00 


3  men 


Rollsj  DryerSy  and  Stetefeldt  Furnace. 

0  dryers  (8  hours)  . 

© 

§2.50  = 

3  firemen  ,,  . 

)  9 

3.00  = 

9  cooling  floor  (8  hours) 

99 

3.00  = 

2  on  rolls . 

9  9 

3.00  = 

2  on  salt . 

n 

2.50  = 

22  men 

Leaching. 

4  on  ore  tubs  . 

© 

§3.00  = 

2  helpers  . 

n 

2.50  = 

2  precipitating  and  1  sulphide  press . 

» f 

3.00  - 

9  men 

§14.00 


§02.00 


§26.00 


1  superintendent  . 

1  day  foreman  . 

1  night  „  . 

2  engineers,  1  machinist,  1  carpenter 

1  blacksmith  . 

1  ,,  helper  . 

1  teamster  and  Co.  team,  and  1  assayer 
1  on  tailing  pit,  and  3  roustabouts  ... 


©  §10.00  =  §10.00 

„  5.00  =  5.00 

„  4.00  =  4.00 

„  4.00  =  10.00 

„  4.00  =  4.00 

„  2.00  =  2.00 

„  4.00  =  8.00 

„  2.50  =  10.00 


15  men 


§59.00 
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SUPPLIES. 

Wood ,  Cords. 


Dryers  and  furnace,  12  cords 

. © 

$4.50  = 

$54.00 

Boilers,  5  cords  . 

4.50  = 

22.50 

Hauling  same . 

17  cords 

...  ...  ,, 

Chemicals. 

0.40  = 

0.80 

$83.30 

325  lb.  sulphur  ...  . 

. © 

■01*  = 

$4.00 

200  ,,  hyposulphite  . 

...  ...  ,, 

.004  = 

13.00 

175  ,,  caustic  soda  . 

...  ...  ,, 

.05~  = 

8.75 

300  ,,  blue  stone  . 

1000 

...  ...  y, 

Salt. 

•07*  = 

21.75 

$47.50 

5  tons 

. @  $20.00  =  $130.00 

$130.00 

Incidentals,  oils,  assay  materials,  repairs 

GENERAL  EXPENSE. 

$12.00 

Office  management,  &c.  . 

Total 

EXPENSES  PER  TON. 

. 

$27.00 

$457. 80 

Labour  . 

= 

$1.01 

Supplies  ... 

.. 

2.73 

General  expense  . 

Total  cost  per  ton 

.27 

§4.(51 

In  the  estimates  of  expense  given  above,  calcium  hyposulphite  is 
included.  This  reagent  is  used  at  first,  simply  to  test  the  question 
of  the  solution  of  gold  as  compared  with  sodium  hyposulphite. 
The  latter,  however,  is  eventually  to  be  used.  In  the  estimates 
for  cUoru rising  and  leaching,  caustic  soda  is  given  and  not  soda 
ash.  Both  of  these  will  be  used  in  the  future,  but  as  the  value 
of  the  lead  carbonate  extracted  is  equal  to  the  amount  of  soda 
ash  per  ton,  this  has  been  omitted.  When  the  lead  is  thrown 
down  with  soda  ash  less  sodium  sulphide  is  used,  and,  what  is 
much  more  important,  the  sulphides  are  free  from  lead  and  can 
be  made  at  once  into  silver  bullion. 

As  compared  with  fusion  or  amalgamation  processes  this 
process  offers  all  the  advantages  of  a  lixiviation  plant,  and  in 
addition  the  possibility  of  making  fino  bullion  free  from  lead, 
with  a  much  higher  extraction  of  the  precious  metals  so  far  as 
the  preliminary  experiments,  which  have  been  made  on  a  laigc 
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scale,  can  show.  Its  chief  advantage  lies  not  so  much  in  the 
extraction  of  the  precious  metals  from  ores  which  are  ordinarily 
leached,  for  although  carefully  conducted  operations  always  give 
a  higher  extraction  by  the  Russell  process,  the  difference  is°but 
slight  in  some  cases,  as  it  does  in  the  treatment  of  ores  which 
would  not  ordinarily  be  leached,  and  which  can  be  treated  with 
only  an  ordinary  roasting  or  perhaps  with  no  roasting  at  all. 

This  process  requires  much  less  capital  than  Pan  amalga¬ 
mation,  and  the  reagents  used  are  far  less  expensive.  It  requires 
also  less  careful  chlorurising  roasting,  the  same  time  giving  a 
much  more  complete  extraction  of  the  precious  metal.  With  the 
limited  experience  so  far,  it  appears  that  the  value  of  the  mercury 
lost  in  amalgamation  very  much  exceeds  the  expense  of  waste  of 
chemicals  in  the  Russell  process,  which  are  not  injurious  to  health, 
'while  meicury  is,  and  allows  at  the  same  time  the  extraction  of 
lead  and  coppei  as  secondary  products  which  are  entirely  lost  by 
amalgamation. 
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Accidents  to  Rolls,  215 

in  Stamp  Mills,  190 

Accounts  of  the  Brunswick  Mill,  425,  426,  427 
Pacific  Mill,  424 

Adobes,  Sun-Dried  Bricks,  304,  306,  330 
Africa,  Gold  and  Silver  produced  in,  66,  57 
Agitator,  393 

Airey  Furnace  in  Colorado,  394 
Alabama,  Gold  and  Silver  produced  in,  49 
Silver  produced  in,  48 
Alaska,  Gold  produced  in,  37 
Silver  produced  in,  48 

Albaro,  Alonzo  Barba,  Inventor  of  the  Cazo,  312 
Alloy  for  Parting,  not  Granulated,  47 
Aluminous  Ores,  Losses  from,  60 
Amalgam  of  Arrastra,  275 

Balls  found  in  Mules,  287 
from  Barrel,  Character  of,  343 
Charging  in  Retort  Furnace,  407 
Cleaning,  404 
Clean-up  Pans,  404 
Collecting  of,  396 
Distillation  in  Barrel  Process,  344 
Distillation,  Time  of,  409 
Gold  from  Arrastra.  278 
of  Gold  and  Silver,  Collecting,  60 
Heat  and  Distilling,  407 
in  Pan,  Amount  of,  388 
from  Patio,  Appearance  of,  304 
in  Patio,  Assays  of,  295,  296 
from  Patio,  Distillation  of,  304 
from  Patio,  Moulding  of,  304 
from  Patio,  Retort  of,  306 
from  Patio,  Straining  of,  303 

from  Patio,  Treatment  of,  303 

Percentage  of,  at  the  Ontario  Mill,  251 
Retort  at  Woodworth  Mill,  460 
Scraped  from  the  Patio,  300 
Separation  of,  in  the  Torta,  298 
Skimmings  of,  403 
Strainer  Safes,  396,  397,  398 
Straining  of,  896 

Straining  of,  in  Barrel  Process,  342 
Straining  Hot,  397 
Table,  396 

Washing  in  the  Tina,  299 

Amalgamated  Plates  In  tto  Mortar,  2« 

Amalgamating  Ores  in  Barrels,  347 
Amalgamation  in  the  Arrastra,  270 

Barrel,  341  .  _ 

of  Barrel  Slimes,  Cost  of,  347 
Battery,  364 
by  Boss  System,  477 
before  or  after  Concentration, 
477,  480 

Direct,  of  Slimes,  456 
used  on  Free  Milling  Ores,  39 


Amalgamation  Pans,  349 

in  Pans,  Rapidity  of,  388 
in  Pans,  Time  of,  388 
Patio  Method,  261 
Process  of,  261 
Relative  Cost  of,  45 
Relative  Loss  in,  45 
Table,  396 

Table  at  the  Pelican  Mill,  342 
Theory  of  the  Patio,  288 
Tina  Process,  328 
Amalgamators,  Revolving,  40 
American  Methods  of  Extraction  not  Extrava¬ 
gant,  7 

Processes,  The  Patio  and  the  Pan, 
103 

Anchoring  of  Stamp  Mills,  168 
Antimony,  Oxidation  of,  in  Desilverized  Lead,  95 
in  the  Patio,  291 
in  Softening  Crosses,  86 
Arent’s  Tap,  42 
Argentite,  263 

Arizona,  Gold  produced  in,  37 

Gold  and  Silver  produced  in,  49 
Hungary,  Consumption  of  Silver  in,  52 
Aroba,  Mexican  Weight  of  40  lb.,  310,  330 
Arrastra,  Advantages  of,  279,  280 
Amalgam  of,  275 
Assays  in,  276 
Capacity  of,  276 
Charge  for,  274 

Charge  of  Native  Silver  Ores,  276 
De  Cuchara,  a  Spoon  Arrastra,  27S,  330 
De  Marca,  a  Large  Arrastra,  272,  330 
De  Mula,  an  Arrastra  worked  by  Mules 
272,  830 

Description  of,  270 
Discharge  of,  276 
Grinding  and  Amalgamation,  270 
Loss  of  Mercury  in,  279 
a  Mexican  Mill  for  Grinding  Ore,  6,  23, 
268,  330 

Objections  to,  279 
Quicksilver  for,  274 
Scraping  of,  277 
Treatment  of  Tails,  277 
Water  for,  274 
Water  Wheel,  272 
Yield  of,  27 
Arstno  Pyrite,  363 
Assay,  Chloruration,  365 
Forms,  412 

Office,  Consolidated  Virginia  Mill,  413 
Plus  at  Tombstono,  431 
Sampler  at  Wyandotte,  72 
for  Silver  Sulphate,  134 
Assaying  Desilverized  Lead,  90 
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Assaying  in  Mills,  338 
Assays  of  Amalgam  in  Patio,  205,  296 
in  the  Arrastra,  276 

Assays  of  Base  Bullion  at  the  Woodworth 
Mill,  462 

of  Desilverized  Kettle,  92 
Leaching,  509 

for  Quantity  of  Mercury  in  Patio,  295 
of  Roasted  Ore  at  Bertrand  Mill,  493 
for  Stetefcldt  Furnace,  249 
of  Tails  at  Bertrand  Mill,  507 
of  Tails  at  Tombstone,  467 
of  the  Torta,  287,  297 
of  White  Bullion  at  Woodworth  Mill,  460 
Atizador,  Furnace-Man,  317 
Attwood’s  Amalgamator,  27 
Augustine  Method,  44,  45,  147 

Method,  Relative  Loss  in,  45 
Process,  Relative  Cost  of,  45 
Process,  Solution  Vats  for,  148 
Austin  Mills,  211 

Australia,  Gold  and  Silver  produced  in,  56,  57 
Silver  produced  in,  48 
Wages  in,  440 

Austria,  Composition  of  Gold  and  Silver  in,  62 
Gold  and  Silvor  produced  in,  56,  67 
Hungary,  Consumption  of  Silver  in,  62 
Automatic  Feeders,  363 
Auxiliary  Fires  for  Roasting,  241 
Azogue,  Quicksilver,  265,  286,  330 
Azogueria,  the  Mercury -House,  303,  330 
Azoguero,  the  Amalgamator,  276,  279,  330 

Ball  Pulveriser,  129,  130,  836 
Ball  SUmp,  193 

Bedplate,  199 
Coal  used  in,  205 

Cost  of  Running  at  the  Allouez  Mill, 
208 

Cost  of  Running  at  the  Pcwabio  Mill, 
207 

Dio  of,  109 
Dimensions  of,  209 
Duty  of,  204 
Engine  of,  203 
Hopper  of,  203 
Labour  for,  205 
Linings,  199 
Mortar,  198 
Repair  of,  204 
Screen,  Duration  of,  201 
Screens,  Repairs  to,  203 
Shoes  of,  200 
Stem  of,  200,  203 
Weight  and  Cost  of,  206 
Balls  of  Ball  Crusher,  Wear  of,  130 
Banks  of  Hydraulic  Mines,  Height  of.  20 
Bailo,  Excess  of  Mercury  used  in  the  TorU,  297, 
380 

Barrel  Amalgamation,  334 

in  Chili,  319 
DeUils  of,  339 
Grinding  and  Crushing 
Ores  for,  330 
Iron  used  in,  341 
Mercury,  Discharge  from, 
341 

Barrel  Process,  Advantages  of,  348 
Cost  of,  847 

DeUils  of,  334  ,  345,  340 
Discharge  of,  340 
Barrel  Pulp,  Consistency  of,  340 
Barrels  for  Amalgamation,  Construction  of,  337, 

338,  339 

how  Moved,  338,  339 
Speed  of,  340 

Basalt  over  Gold  Bearing  Beds,  17 
Base  Bullion,  42 

Cost  of  Refilling,  403 

Base  MeUls,  Leaching  at  the  Bertrand  Mill,  490 
Batea  Apuradorc,  Wooden  Bowl,  301,  330 
a  Bowl,  278,  301,314,  830 
Amalgamation,  304 

Battery  Discharge  in  Wet  and  Dry  Crushing,  364 


Battery,  Loss  of  Iron  in,  386 

Number  of  SUmps  in,  180, 18S 
Parts  of,  158 
Slimes,  447 
Sluice,  26.  27 
Throat,  176 
Water  in,  362,  363 
Beach  Mining.  15 
Bed  Plate  of  Ball  SUmp,  199 
Bennett  Sampler,  68 
Bertrand  Mill,  Labour  in,  613,  514 
Ore,  Analysis  of,  480 
Blake’s  Crusher,  179,  357 

Wear  and  Weight  of,  353 
Blanket  Sluices,  27 

for  Tails,  448 

Blankets  at  the  Eureka  Mill,  449 
Loss  from,  00 
for  Mortar  Block,  159 
Revolving,  40 

Blows  of  SUmp,  Light  or  Heavy,  183, 184 
Quick  or  Slow,  184 
Bluestonc  used  in  the  Pan,  384.  385 
Bolichar,  Treatment  in  Boliche,  277,  330 
Boliche,  Bowl  for  Concentrating,  205,  277,  278, 
302,  330 

Bolivia,  Gold  and  Silver  produced  in,  357 
Hollos,  Triangular  Bricks  of  Amalgam,  304,  330 
Bolting  Ore  fortho  Barrels,  336 
Boss  of  SUmps,  169 

System  of  Amalgamation,  477,  479 
Boston  and  Colorado  Smelting  Works,  117,118,185 
Boston  and  Colorado  Works,  Process  of,  117 
Tree  of,  120 

Bottom  Leaching,  498,  499 
Bottoms,  Granulation  of,  150 

from  Pimple  Metal,  147 
Treatment  of,  119 
Bowering,  Theory  of  the  Patio,  293 
Box,  Washing  th'o  Torta,  298 
Boxes  of  Stems,  172 
Bracing  SUmp  Mills,  159 
Brazil,  Gold  produced  in,  57 
Bricks,  Gold  and  Silver,  Value  of,  410 
Silver,  Mould  for,  141 
for  Tails,  472 

Brodic,  Distillation  Furnace,  100 
Bromycrite,  263 

Brtlckner  Cylinder  at  the  Bertrand  Mill,  491 
BrUckner  Cylinders,  Chloruration  in,  241 

Cost  of  Working  in  MonUna, 
240 

in  MonUna,  239,  240 
BrUckuor  Furnace,  40,  228 

Diaphragm  of,  232 
Discharge  of,  230 
Driving  of,  230,  231 
Dust  Chambers  of,  233 
Fireplace  of,  233 
Fuel  for,  237 
Horse-Power  for,  234 
Lining  of,  232 
Ore  treated  in,  234 
Repairs  to,  238 
Salt  used  in,  230 
Scrapings  of,  237 
Weight  of,  234 
Working  of,  234 

Brunswick  Mill,  Collecting  Amalgam  in,  390 
Brunton  Furnace,  241 
Buddies  for  Tails,  394 
Bullion  from  Arrastra,  278 

Base,  at  Woodworth  Mill,  459 
of  Brunswick  Mill,  429 
from  the  Comstock,  40 
Deposits  in  New  York  in  1884,  62 
Melting  of,  411 
Produced  at  Tombstone,  432 
Product  of  the  World,  65 
White,  at  Woodworth  Mill,  460 
at  Woodworth  Mill,  Assays  of,  460 

Cab&ziUa,  Residue  after  Washing  the  Torta,  801, 

330 
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^es^T^’soi  "So tratc8  mch  in  Gold  and  Silver* 

C<2S ie330V 0,11  ed  Reoe‘vera  for  the  Ground  Slimes, 

Calcining  Fine  (Roosting),  Furnace  for,  181, 132 
or  Refining  Desilverized  Lead,  95 
used  for  Roosting,  123 
Calcium  Hyposulphite  for  Gold,  503 
for  Precipitation,  605 
Preparation  of,  603 
and  Sodium  Sulphite,  Effects  of,  530 
Storage  Tanks  for,  610 
Suphide,  Leaching  with,  502 
Caliche,  Feldspar,  2G3,  330 
Calichoso,  Feldspathic,  203,  830 
California  differs  from  European  Stamp,  154 
Gold  produced  in,  85,  36,  37 
Gold  and  Silver  produced  in,  49 
Mill,  187 

Mortar,  Advantage  of,  160 
Silver  produced  in,  48 
Stamps,  162,  153 
Wages  in,  440 
Cal  or  de  Frio,  Steam  caused  by  the  Difference 
between  the  Heat  of  the  Pile  and  of  the  Air. 
286,  330 

Cam  Curve,  how  laid  out,  166 

Determines  the  Number  of  Drops,  166 
Double-Toed.  Position  of,  166 
Shaft,  Lengtn  of,  163 
Shaft  Support  in  Drv  Crushing,  164 
Turns  the  Stamp,  166 
Cams,  164 

Double,  165 
Single,  165 

Canada,  Gold  and  Silver  produced  by,  66,  67 
Cancha,  Space  for  Drying  Slimes,  320,  330 
Canton  Flannel  for  Mercury  Strainers,  395 
Capacity  of  the  Arrastra,  275 

and  Efficiency  of  Rolls,  210 
of  Rolls,  211 
of  Silver  Mills,  444 

Capellina,  Bell  covering  Bollos  while  Distilling  off 
the  Mercury,  304,  305,  322,  329,  330 
in  Peru,  328 

Capital  required  in  Early  Mining,  16 
Cargo,  Mexican  Weight  of  800  lb.,  273,  810,  331 
Casting  Desilverized  Lead  in  St.  Louis,  96 
Caustics,  Effect  of,  603,  625,  627 
Cazcador,  Amalgamator  of  the  Cazo,  314,  817,  331 
Cazo  Barrel  Process,  320 

Bottom  to  be  kept  Clear,  314 
Chili,  Cost  of,  323 
Chili  Process,  318 
in  Chili  in  Sulphurous  Ores,  318 
in  Mexico,  38 
Copiapo  Process,  319 
how  made,  313 
Ores  for,  818 
Process,  262 
Process,  Cost  of,  817 
Process,  Details  of,  813 
Process,  Glossary  of,  830 
Process,  Invented  by,  312 
Process,  Length  of,  314 
Process,  Ores  Applicable  to,  312 

raaSSSasnAWa 
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Charcoal,  Use  of,  41  g74 

charge  Lcad  in  Refining  Furnace, 

(or  the  FranckeTJna  process,  527 

'at  Boston  and  Colorado 
Works,  126  Suiphate,  129,  132 

Brodie  Fur- 

Charges  in&e^urnace.  101 


Charges  in  Distilling  Furnace,  107 
Charging  Apparatus  of  Stetefeldt  Furnace,  245 
Cneltenham,  Desilverization  at,  76,  80 
Chemicals  used  in  Pan,  884 

in  Pan  determined  by  Fineness  of 
Bullion,  385 

Chemistry  of  Panning  Process,  885 
Chili,  Gold  and  Silver  produced  in,  67 
Chilian  Mill,  5,  22,  24 

Description  of,  266,  269 
used  for  Grinding  Cazo  Ores,  320 
Chloruration  Assay,  365 

Assays  at  Bertrand  Mill,  493,  494 
in  Bruckner’s  Cylinders,  241 
in  Howell's  Furnace,  243 
in  Stetefeldt  Furnace,  252 
in  Stetefeldt  Furnace  at  Manhattan 
Mill,  253,  254 

Christy  Mill,  Cost  of  Working  at  434 
Chuza,  a  Washer  or  Settler,  277,  278,  800,  831 
Clay  Lumps  in  a  Sluice  must  be  broken  up,  13 
Clean-up  of  a  Pan,  387 
Sluice,  13 

Coal  used  in  Bail  Stamps,  205 
Cocha,  a  Cast-Iron  Vessel,  319,  331 
Coins,  Loss  of  by  Abrasion,  65 
Coke,  High  Percentage  of  Ash,  42 
Colas,  Brown  Sulphurets,  265,  302,  331 
Cold  Working  in  Patio,  296 

Torta,  287,  288 

Collecting  Bins  at  Bertmnd  Mill,  494 
Colorado,  Gold  produced  in,  37 

Gold  and  Silver  produced  in,  49 
Silver  produced  In,  48 
Wages  in,  440 
Cotorados,  Colourod  Ores  containing  Silver,  263, 

Colour  used  for  Gold,  6 
Columbia,  Gold  and  Silver  produced  in,  56,  57 
Comalillos,  Calcination  Furnaoes  for  making 
Magistral,  262,  282,  331 
Company  Mills,  355 

Comparison  of  Cost  of  Rolls  and  Stamps,  222,  223, 
224 

between  Rolls  and  Stamps,  223 
Comstock  Mills,  Wages  in,  439 
Comstock  Mines,  Decline  of,  47 

Maximum  Production  of,  50 
Wages  in,  435 

Concentration,  before  or  after  Amalgamation,  477 
480 

Spitzkastcn  for,  479 
of  Tails,  28 

Concentrator,  Regular  Feed  for,  478 
Condensation  Chambers,  41 
Consolidated  Virginia  Mill,  Foundations  of,  165 
Foundations  of  Stamps 
for,  166 

Moving  of  Mercury  in, 

399 

Consumido,  Fixed  Loss  of  Mercury,  307,  331 

Contra tanque,  Second  Settling  Tank,  301,  331 

Conveyers  for  Ore  in  Leaching,  490 

CopolUla,  Zino  Blende,  263,  331 

Copcl la ^Dry^Amalgam  in  Bag  after  Draining,  264, 

Copiapo,  Cazo  Process.  319 
Copper  Alloy,  Oxidized,  Treatment  of,  161 
brings  up  Gold  in  Desilverization,  89 
Matte  from  Softening  Furnace,  86 
Ore,  63 

Ores  with  Gold  and  Silver,  63,  64 
Ores,  Search  for,  9 
iu  Patio,  297 

Mates  for  Precipitation,  Arrangement  of, 
Precipitation  of,  142 

Precipitation  from  Russell's  Process,  532 
Refining,  142,  143 
Refining  Furnace,  143,  144 
Sub-Chloride,  Action  of,  290,  291,  292  293 
Sulphate  in  Pan,  386 

Sulphate  in  Torta,  Less  in  Winter  than 
Summer,  288 
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Copper  used  in  the  Torta,  288 
Corchran’s  Automatic  Feeder,  183 
Cornish  Die,  163 

Rolls,  210,  212 
Corroding  Lead,  95 

Cost  of  Ball  Stamp  at  Allouez  Mill,  208 
Barrel  Process,  347 

Bruckner’s  Cylinders  in  Montana,  239 

Cazo  Process,  317 

Chili  Cazo,  323 

Pan  Treatment,  423 

Refining  Base  and  White  Bullion,  463 

Roasting  in  Montana,  2*0 

Roasting  in  Stetefeldt  Furnace,  259 

Running  Ball  Stamp  at  Pewabic  Mill,  207 

Silver  Mills,  444 

Stamp  Mill,  190 

Steel  for  Rolls.  218 

Treating  Tails  at  Tombstone,  395,  470 
Treatment  at  Tombstone,  483 
Wear  of  Thirty  Stamps,  189 
Cost  and  Weight  of  Ball  Stamp,  206 
Cost  of  Working  at  the  Christy  Mill,  434 

Working  at  the  Leeds  Company  Mill,  434 
Working  at  the  Ontario  Mill,  434 
Working  at  the  Stormont  Mill,  434 
Cradle,  10,  16 
Crasses  from  Polling,  97 

Softening  Furnace,  83 
Softening  Furnace,  Autimonv  in,  8( 
Softening  Furnace,  Treatment  of,  85 
Crew  for  a  20-Stamp  Mill,  436 
Crusher,  Ball,  336 

Gain  of  using,  at  Owyhee  Mill,  361 
Crushing  Effect  of,  in  Leaching,  487 

Effect  of,  through  Screens  of  different 
Sizes,  252 

Effect  on  Size  of  Ore,  261 
Fine,  Effect  of,  487 
Losses  from,  60 
Machinery,  152 
Ore,  355 

Ore  for  Leaching,  487 
Ores  for  the  Barrel,  336 
lor  the  Patio,  267 
and  Roasting  the  Matte  for  Silver  Sul¬ 
phate,  129 
Surface  of  Rolls,  216 
Surface  of  Stamp,  216 
through  a  16  Screen,  Results  of,  211 
Cuchara,  a  Hollowed  Spoon-Shaped  l  loat  on  the 
Arrastra,  272,  831 
Cupel  of  Portland  Cement,  44, 110 
Steitz  Iron,  109 
Tip,  110 

Cupellation,  Details  of  at  Mansfeld,  112,  116 
English,  43 

Furnace,  Water-back  in,  109 
German,  43 

„  i  .....  of  the  Silver  L«&d,  10^ 

Custom  Mills,  60.  335 

Dakota,  Gold  produced  in,  37 

Gold  and  Silver  produced  in,  49 
Silver  produced  in,  48 
„  Wages  in,  440 

226Welghfc  ^  Ele,nent  of  Strength  in  Rolls, 

DCm  33i“  appliod  10  Amalgam  when  very  Fluid, 
Debris  Litigation,  83 

Delaware  Lead  Works,  Experiments  in  94 
Deliver)'  of  Mortar,  161  * 

t^nhA0,«?irokcrl*U^uMercur>%  The  Attacking  of 
tho  Amalgam  by  the  Sulphur,  298  331  k 
Deeilveri ration  Charges  at  Germania,  93 

Pennsylvania  Lead 
Dcsilvcrization,  Currents  out  of 

Retort,  106 

Kettle,  Working  of,  00 

W°rks»  Arrangement  of,  80 
Kettles,  Description  of  86  87 
Kettles,  Discharge  Spout  of  67 


Desilvcrisation  Kettles,  Endurance  of,  87 
Kettles,  Use  of  Steam  in,  90 
Kettles,  Use  of  Water  in,  90 
Lead  for,  must  be  Refined,  94 
Object  of,  80 
Process,  80 

Desilverized  Kettle,  Assay  of,  92 

Lead,  Assaying  of,  89,  90 
Lead  after  First  Stirring,  91 
Lead,  Refining  of,  94 
Desniontes,  Poor  Ores,  319,  #31 
Despoblado,  Ore  with  much  Gangue,  263,  331 
Details  of  Stamps,  185 
Die,  Cornish,  163 

of  Ball  Stamp,  199 
Foot-Plate  of,  163 
Dies  of  Stamps,  162 

W’ear  of,  188 

Dimensions  of  Ball  Stamps,  209 
Stamps,  170 

Discargadora,  Discharging  Tank,  from  which  the 
Slimes  are  run  off  last,  330,  331 
Discharge  of  the  Arrastra,  276 
in  Dry  Crushing,  177 
High,  to  be  avoided,  176 
Maximum,  how  got,  176 
Maximum,  how  mode,  180 
of  Pan,  Water  for,  387 
of  Pans,  387 
from  Screens,  177 
Screens,  161 
in  Wet  Crushing,  177 
Distillation,  of  Amalgam,  Time  of,  409 
Details  of,  108 
Furnace,  Brodie’s,  100 
Furnace  at  Cheltenham,  102 
Furnace,  Faber  du  Faur,  104 
Furnace,  Flues  from,  107 
of  Patio,  Time  of,  305 
Retorts,  Duration  of,  105 
Syphon  for,  21 
Time  of,  at  Cheltenham,  103 
Distribution  of  Ore  under  Stamp,  180 
Ditches,  Cost  of,  in  California,  18 
Dodge’s  Crusher,  359 

Dimensions  of,  360 

Dolly  Tub,  393 

Material  Collected  in,  393 
used  in  Barrel  Process,  341,  343 
Douglass  Mills,  Steins  of,  167,  168,  170,  1<2. 
Drops,  Low,  185  .  _ 

Number  of,  Determined  by  the  Cam,  Re 
Order  of,  180 
of  Stamps,  184 
of  Stamps,  Number  of,  187 
of  a  30-Stamp  Mill,  216 
Dross  from  Polling  Kettle,  97 
Dry  Crushing  Discharge,  177 

Mortars,  160,  161 
Screens  for,  184 
Dryer  at  Ontario  Mill,  852 
Dryers  for  Ore,  192 

Revolving,  488 

Drying  Floors,  39,  349,  352, 488 

Furnace  for  Cement  Silver,  1*6 
Ore  for  Leaching,  488 
Ore  by  Waste  Ileat,  192 
Duck  for  Mercury  Strainers,  395 
Duration  of  the  Patio,  294 
Dust  Chamber,  288 

Chambers  at  Bertrand  Mill.  49d 
Chambers  for  Bruckner’s  Cylinders,  ^ 
Chambers  for  Lexington  Mill,  193 
Chambers  of  Softening  Furnace,  so 
of  Stetefeldt  Furnace,  248 
Duty  of  Ball  Stamp,  204  oon 

Stamps,  Decrease  with  Velocit),  — u 
Rolls,  218, 222  ,  ..  oi,n 

Rolls,  Increase  with  Velocity,  22C 


Ear  Test  in  Patio,  276 
Eclipse  Feeder,  183  „ 

Efficiency  and  Capacity  of  Rolls,  216 
of  Rolls  and  Stamps,  219 
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Electrolytic  Procosa,  65 
Elevator  for  Pulp,  352 
Elevators  for  Mercury,  398,  399 
Embollte,  203 
Engine  for  Ball  Stamp,  203 
Engines  for  Stamps,  190 
English  Methods  for  Smelting,  41 
Equaliser  at  Tombstone,  408 
Estrujon,  Amalgam  strainod  'from  the  Mercury 
Collected  in  Furnace,  205,  300,  331 
Eureka  Rubber,  27 

Mill,  Collecting  Amalgam  in,  390 
Europe,  Gold  and  Silver  produced  in,  66,  67 
Experiments  with  Magistral,  284 

Tails  at  Tombstone,  428 
Extra  Solution,  Leaching  with,  523 
Preparation  of,  622 
with  Row  Ores,  624 
in  Russell’s  Process,  621 

Faber  du  Faur  Furnace,  44,  104,  109 
Fast  Working  Stamps,  Effects  of,  187 
Feed  Lining  of  Mortar,  162 

Regular,  for  Concentration,  478 
Shoots  of  Rolls,  214 
Slot  of  Mortar,  162 
Feeder,  Corchran’s,  183 
The  Eclipse,  183 
Hcndy’s,  188 
Stanford’s,  181 
Tullock’s,  223 
Feeders,  Automatic,  180 
Ferro  Blanco,  Arseno  Pyrite,  263,  831 
Filter  for  Leaching  Tubs,  498 

Press  for  Silver  Sulphide,  618 
for  Silver  Sulphide,  612 

Fineness  of  Bullion  Test  for  Quality  of  Chomieals, 
385 

Fines  should  bo  Separated  from  the  Ore,  177 

Fingers  of  Stamps,  173 

Flack  Process  at  Germania,  92,  99 

Station,  Germania  Works  at,  74 
Float  Gold,  6,  28 
Flooring  of  Patio,  280 
Floors  of  Mills,  301,  302 

Wet-Crushing  Mills,  305 
Flues  from  Dcsllverization  Furnaces,  107 
Flutter  Wheels,  9 

Fondon,  a  Largo  Cazo,  313,  314,  315,  310,  317,  318 
Construction  of,  314 
Loss  of  Silver  in,  310 
no  Loss  of  Mercury  in,  310 
Process  of,  315 
Use  of,  813 

Foot  Plate  of  Die,  163 

Timbers  for  Mortar  Blocks,  167 
Foul  Mercury,  Losses  from,  60 
Foundations  of  the  Ball  Stamp,  194 
Stamps,  154 
Framing  of  Stamp  Mill,  167 
France,  Consumption  of  Gold  in,  62 
Consumption  of  Silver  in,  62 
Gold  and  Silver  produced  in,  50,  67 
Francke  Tina  Process,  823 

Charge  for,  827 
Cost  of  Working,  324 
Free-Milling  Ores,  03,  05 
Freiberg  Barrel,  38,  39,  834 
Frue  Vanners  at  the  Montana  Company,  4i- 
at  the  Silver  King,  481 
for  Tails,  394 

Fuel  for  BrUckner’s  Cylinders,  287 
for  Stamps,  190 
used  in  Silver  Mills,  441 
in  Stetcfeldt  Furnace,  257 
Fuerte  applied  to  Amalgam  needing  more  Mer¬ 
cury,  290, 331 

Furnace  at  the  Germania  Works,  190  , 

Fusion  for  Matte  at  the  Boston  and  Colorado 
Works,  176 

Galena  In  the  Patio,  203  .  0*7  «ai 

Galera,  a  Shed  on  each  Side  of  the  Patio,  207,  331 
Gas,  Explosive,  in  Pans,  420 


Oaugo  for  Mercury  Charged  in  Pans,  399 
Geared  Rolls,  317 
Gearing  of  Barrels  not  used,  888 
for  Rolls,  217 

Georgia,  Gold  produ-ed  In,  87 

Gold  and  Silver  produced  In,  49 
Silvor  produced  in,  48 
German  Stamps,  163 
Germania  Works,  75 
Germany,  Consumption  of  Gold  In,  12 
Consumption  of  Silver  in.  52 
Gold  and  Silver  produced  in,  50,  57 
Gib  of  Tappet,  108 

Glossary  of  Terms  used  in  the  Patio,  330 
Gold  Amalgam  in  Arrnstra,  278 
Amount  of,  In  tho  World,  30 
in  the  Arrastra,  274 
from  Australia,  Composition  of,  40 
produced  at  Boston  and  Colorado  Works,  118 
produced  In  Brazil,  67 
of  California,  Consumption  of,  40 
used  for  Chemicals,  63 
Consumed  in  the  United  States,  60 
brought  un  by  Copper  in  Desilverizatlon,  89 
Cost  per  Cubic  Foot  of  Dirt,  20 
Cost  of  producing  an  Ounce,  19 
used  for  Dental  Supplies,  63 
comes  up  first  in  Dcsllverixation,  89 
Discovery  of  in  1848,  2 
Dissolved  by  Calcium  Hyposulphite,  503 
Dust  used  for  Barter,  4 
Float,  5 

Found  by  Spaniards,  3 
Hammered,  28 
sent  to  India,  68 
usod  for  Instruments,  63 
used  for  Jewelry,  53 
used  for  Leaf,  63 
Loss  of,  4,  5 

I .oss  of,  attributed  to  Sulphurots.  29 
Loss  of,  In  Plattner’s  Process,  Tails,  30 
Lost  in  the  Patio.  301 
used  for  Manufactures,  55 
Maximum  Supply  of,  6 
Mortar  for,  161 
produced  in  Nevada,  30 
Ores,  Cost  of  Treating,  29 
Ores  Treated  at  the  Boston  and  Colorado 
Works,  118 
used  for  Pins,  53 
used  for  Plate,  53 
Prices  of,  in  Russell's  Process,  682 
Product  of,  from  1848  to  1864,  34 
Rusty,  6,  28  . ,  ,  _  .  . . 

Gold  and  Silver  produced  in  Africa,  66,  67 

produced  in  Australia,  60,  67 
produced  in  Austria,  50,  67 
produced  In  Bolivia,  67 
Hricks,  Value  of,  410 
produced  in  Canada.  50,  57 
produced  in  Chili,  67 
Coin  in  India,  58 
Collected  by  Amalgam,  00 

f>roduced  In  Columbia,  60,  57 
n  Copper  and  Lead  Ores,  32 
In  Copper  Ores,  63 
produced  in  Europe,  50,  67 
produced  in  France,  60. 67 
produced  in  Germany,  60, 57 
Hoarded,  68 

produced  in  Hungary,  57 
produced  in  Italy,  66,  67 
produoed  in  Japan,  60,  67 
Losses  of,  68,  59 
produced  In  Mexico,  56,  61 
Ores,  Prices  paid  at  Boston  and 
Colorado  Works,  119.121,  122 
Precipitated  in  Russell’s  Process, 
629 

produced  in  Russia.  50,  67 
produced  in  South  America,  60, 67 
produced  in  Sweden,  60,  67 
produced  in  Turkey,  67 
produced  in  the  United  States,  60 
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Gold  and  Silver  produced  in  Venezuela,  66,  67 

used  in  the  United  States,  51,  62 
in  the  United  States,  56,  57 
produced  in  the  World,  65 
Gold  or  Silver  Amalgam  to  be  used,  60 
used  for  Spectacles,  53 

produced  in  the  United  States,  1848  to  1884, 35 
used  for  Watch  Chains,  53 
used  for  Watches,  63 
used  for  Watchmakers’  Supplies,  53 
Winnowing  of,  4 
used  in  the  World,  66 
World’s  Consumption  of,  62 
Yield  of,  per  Cubic  Yard,  20 
Government,  Paternal,  not  Favourable  to  Pro¬ 
gress,  7 

Grade  of  Sluice,  12 
Granulation  of  Alloy  for  Parting,  46 
Bottoms,  150 

Granules  of  Copper,  Oxidation  of,  150 

Granza,  Coarse  Sand  from  Stamping  Mill,  269,  331 

Granza  de  Labores,  Fine  Ore,  267 

Granza  de  Llunque,  Third-Class  Ore,  264,  267,  331 

Grease,  Effects  of,  28 

Great  Britain,  Consumption  of  Gold  in,  52 
Silver  in,  62 

Grinding  in  the  Arrastra,  270 

Ores  for  the  Barrel,  336 
in  Pans,  369 
Ground  Sluice,  14 
Guide  Boxes,  172 
Guides  of  Stamps,  172 
Guija,  Quartz,  263,  331 
Guijoso,  Quartzose,  263,  831 
Gutzkow’s  Method  of  Parting,  47 


Hacienda,  Establishment  for  Treating  Ores.  280 
302,309,331 

Hacienda  of  San  Cedea,  Cost  of  Patio  at,  309 
Hanging  up  Stamps,  173 
Head  fitting  to  Stem,  173 
Life  of,  169 
of  Stamp,  169 
Heads,  Wear  of,  188 
Heap,  Roasting,  226 

at  the  Boston  and  Coloradi 
„  Works,  122, 182 

Heat  in  the  Torta,  287 
Heavy  Ores,  64 

Stamps  the  best,  185 
Hendy's  Feeder,  183 
Holes  in  Cast  Iron  collect  Amalgam,  60 
in  Screens,  174 

Hoppers  for  Charging  at  Bertrand  Mill.  496 
of  Ball  Stamp,  203 

Horse-Power  for  the  Howell  Furnace  243 
ot  Stamps,  184 
Hose,  Cowhide,  20 
Crinoline,  20 
Duck,  20 

Hot  Amalgam  Straining,  403 
Water  Leaching,  498,  499 
Working  in  Patio,  296 
Working  in  Torta,  287,  288 
Houses  for  Stamps,  190 
Howell  Furnace,  242 

Chloru ration  in,  243 
Horse-Power  for,  243 
,  Weight  of,  244 

Hungarian  Stamp,  163 
Hungary,  Consumption  of  Silvor  in,  52 
Hunt  ,  £ilvcr  P^uced  in,  67 

"Srt>"durtyUfe£^' “  *"  Silv«  Mi".  394 
Hydraulic  Amalgam  Strainers,  398 
Mercury  Strainers,  397 
Mining,  14 

Mining,  Cost  of  Working,  io 


Idaho,  Gold  produced  in,  37,  49 

and  Silver  produced  in,  49 


I  Idaho,  Wages  in,  440 
Ijadas,  Assays  of  21b.  to  5  lb.,  288  331 
Importation,  46 

Incorporo,  Mixing  the  Magistral  and  Mercury  in 
the  Torta,  286,  295,  331 
India,  Gold  sent  to,  58 

Gold  and  Silver  consumed  in,  58 
Silver  sent  to,  58 

Injector  for  Washing  Silver,  138, 139,  140 
Insalmoro,  Salting  the  Torta,  282,  331 
Insane  Asylums  in  the  Gold -producing  States  3 
International  Mill,  Details  of,  185,  186 
Iron  used  in  Barrels,  341 

Filings  used  in  the  Pan,  386 
Loss  of,  in  the  Batteries,  386 
Loss  of,  in  the  Pan,  386 
Pipe,  20 

Sulphurets  as  Magistral,  284 
Italy,  Consumption  of  Gold  in,  52 

Consumption  of  Gold  and  Silver  in,  52 
Consumption  of  Silver  in,  52 
Gold  and  Silver  produced  by,  56,  57 

Jales,  Tailings,  265.  273,  331 
Japan,  Gold  and  Silver  produced  in,  56,  57 
Jicara,  Bowl  for  Assay  Sample,  275,  331 
Jigs  at  Tombstone,  469 

Judd  and  Crosby’s  Mill,  Amalgam  collected  in, 


Kerargyrite,  263 

Keystone  Mill,  Foundation  of  Stamps,  155, 170 
Knox  Pans,  395,  404 
Karting's  Ejector,  501 
Injector,  601 
Krom’s  Rolls,  210 


Labour  for  Ball  Stamps,  205 

at  Grand  Prize  Mill,  437 
at  the  Independence  Mill,  437 
at  the  Lexington  Mill,  437 
at  the  Ontario  Mill,  438 
for  Stamping,  436 
for  Stetefcldt  Furnace,  257 
Lagune,  a  Small  Lake,  282,  331 
Lama,  Slimes,  264,  281,  331 
Lamaros,  Slime  Pits.  281,  331 
Lava,  Washing  the  Torta,  298,  331 
Lavadero,  the  Settler,  264,  298,  2 99,  301,  SSI 
Tails  from,  301 
Leaching,  66 

Assays,  608 

Base  Metals  at  Bertrand  Mill,  495 
with  Calcium  Hvposulphide,  502 
on  Concentrated  Ores,  478 
Cost  of,  at  Bertrand  Mill,  514 
Effect  of  Lead  on,  514 
Effect  of  Mangancso  on,  485 
with  Hot  Water,  498,  499 
Process,  482,  521 
Process,  how  applied,  485 
Process,  Order  of,  487,  516 
with  Sodium  Hyposulphite,  602 
with  extra  Solution,  523 
Solution,  Amount  of,  503 
Solution  Pump,  611 
Time  for,  500,  505,  606 
Tub  Filter,  498 
Tubs,  497 

Vats  for  Ziervogel’s  Process,  186 
Water  used  in,  606 

Lead  Analysis,  Pennsylvania  Company’s,  116 
Bullion  from  Tombstone,  474 
Corroding,  95 

to  be  Desilverized,  Silver  in,  S8 

Effect  of,  in  Leaching,  614 

Ores  containing  Copper,  63 

Ores  with  Gold  and  Silver,  Treatment  of,  65 


Ores,  Search  for,  9 
Precipitation  of,  529 
Softening  of  for  Desilverization,  SO 
Leavitt’s  Stamp,  209 

Lebanon  Sampler,  67  .  » , 

Leeds  Company  Mill,  Cost  of  Working  at,  434 
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Lcfello  Turbino  for  Stomp  Mill,  100 
Legislation,  Ancient,  unknown  In  the  United 
States, 7 

Conflicting,  Impediment  to  Progress, 
8 

Lexington  Mill,  Dimensions  of,  421 
Light  Ores,  834 
Stamps,  185 

Limadurn  de  Plata,  Dry  Silver  Amalgam,  205,  331 
Lime,  added  to  Cool  the  Torta,  205 
used  in  the  Torta,  287 
Lined  Timbers  of  Stamp  Mill,  158 
Lining  of  Mortar,  102 
Lista,  Tail  of  Impure  Moroury,  205,  331 
Litharge  in  Softening  Furnace,  84 
Litharges  from  Oupellation,  Reduction  of,  100 
Lixiviation  in  Russell’s  Process,  619 
Long  Tom,  11 
Loss  of  Gold,  4 

Gold  and  Silver,  82 
Ores,  Mechanical,  42 
Precious  Metals  in  Milling,  69,  60 
Silver  and  Gold,  82 
Two  Mills  in  250  Days,  69 
Loss  in  Mercury  in  the  Tina,  329 
Losses  of  Early  Mining,  6 

in  Working  Gold  and  Silver  Ores,  00 


Magistral,  Action  of,  293 

Aluminous  Sulphate,  286 
Better  to  have  too  Little  than  too  Muoh, 
295 

Composition  of,  283 
roasted  Copper  Pyrites,  262,  282,  832 
Experiments  with,  284 
how  added,  286 
the  Important  Reagent,  285 
Iron  Sulphate,  284 
made  from  Patio  Tails,  80S 
of  Peru,  284 
Reactions  of,  286 
Magnesia  Rocks,  Losses  from,  66 
Maine,  Gold  and  Silver  produced  in,  49 
Silver  produced  in,  48 

Manga,  Canvas  Bag  to  drain  Amalgam,  303,  832 
Manganese,  Effects  of,  in  Leaching,  486 
Mansfeld  Valley,  Desilverization  at,  80 

Method  of  Collecting  Flue  Dust, 

42 

Marc,  Mexican  Weight  for  Silver  and  Gold,  882 
51  ate  rials,  Cost  of,  at  Boston  and  Colorado  Works, 


118 

Matte  Furnace,  Charge  for,  120 

furnace,  Dimensions  of,  126 
Furnace,  Fuel  used  in,  128 
Furnace,  Repairs  to,  127,  128 
Furnace,  Slag  from,  128 
Furnace,  WorkiDg  of,  127 
Fusion,  125 

from  Ziervogel  Tub  Residues,  146 
Mechanical  Roasting,  227 

Sampling,  67.  71 

Melting  Furnoce  for  Cement  Silver,  141 
Mercury,  Action  of,  in  the  Torta,  -88,  293 

9  Addition  of,  to  collect  Amalgam  in  1  atlo, 
297 

Assays  for,  in  Patio,  295 
from  Barrels,  Discharged,  840 
Charge,  Gauged,  899  . 

Discovery  of,  a  Stimulus  to  W  orklng 
Gold,  229 

Elevators,  398,  399 
Flouring  of,  Losses  from,  60 
Loss  of,  in  the  Arrostra,  2,9 
Loss,  Machines  to  Prevent ,  418 
Loss  of,  in  the  Pan,  S^®*,**^* 

Loss  of,  in  the  Patio,  297,  300,  307 
Loss  of,  in  the  Tina,  829 
Loss  of,  in  Treating  Slimes,  456 
Methods  to  save,  418 
Moved  in  the  Consolidated  Virginia 
Mill,  399 

Movement  of,  417 


Mercury,  Nitrate  used  with  Tollurium  Ores,  385 
in  Pan,  Introduction  of,  883 
in  the  Patio,  286 
Pumps,  395,  800,  400 
Reduction  of  Loss  at  Montana  Com- 
pany, 480 
Safes,  397 
in  the  Settler,  892 
Strainers,  Hydraulic,  307 
Straining,  305 
Use  in  the  Pan,  382 
Value  of,  In  a  Largo  Mill,  417 
Motaoom  Mill,  Exi>crinicnta  on  Stamps,  184 
Metal  do  Benoflcio,  Second-class  Ore  204,  2»>7,  332 
Gabarro,  First  and  Socond -class  Ore, 
2(J3  332 

Callcfioso,  Feldspathic  Ore,  268,332 
de  Exportation,  First-class  Ore  ready 
for  Salo,  204  ,  267,  332 
Granza,  Smalls,  263, 332 
liecho,  Hand-picked  Ore,  267,  332 
de  Labores,  Smalls  from  the  Working  of 
the  Mine,  267,  882 

do  LIunquo,  Smalls  from  the  Cleaners, 
267,832 

de  Prinicra  Class,  First-class  Ready  Ore 
for  Sale,  267,  332 

Metallurgy,  not  taught  previous  to  1860,  1 
Progress  since  1848,  1, 2,  6 
Me  thod  of  using  Crushers,  861 
Methods  of  Extraction,  not  Extravagant,  7 
Moxico,  Gold  and  Silver  produced  in,  66,67 
Michigan,  Gold  and  Silver  produced  In,  49 
Silver  produced  in,  48 
Mill,  Chilian,  6 

Company,  855 
Custom,  25,  365 
Floors,  36.  302 

General  Arrangement  of,  860,  352,  368 
House,  421 

Pan,  Arrangement  of,  860 
Pump  for,  852,  863 
Wages,  486 

Milling,  Charge  for,  421 
Mills,  Mines,  Works : 

Alice  Mill,  413 

Allouez  Mill.  201,  204,  205,  206,  208 
Anacondn  Works,  240 
Atlanta  Mill,  464 

Atlantic  Mill,  200,  201,  202,  204,  205,  206 
Austin  Mill.  24 

Bennett’s  Mill,  67,  68  „  ,  „ 

Bertrand  Mill.  210,  211,  218,  228,  480,  487,  488, 
489,  490,  491,  492,  49*1.  495,  490,  602,  604 

607,  612.  613,  514.  615,  616,  617  . 

Boston  and  Colorado  Works,  63, 64,  65, 117, 119 

Brodie  Mill,  896  _  _ 

Brunswick  Mill,  167,  170,  178,  188,  188, 190, 
360,  861,862,  368,  365,  3G6,  368.  3<1,  380,  381, 
882,  885,  388,  389,  890,  391,  394  ,  396,  404, 
406,  416,  410,  426,  426,  427,  4>8,  441 
California  Mill.  187,  380,  3*2,  884,  889 
Calumet  and  Hecla  Mill,  201,  203,  204,  205 
Carabou  Mill,  288 
Central  5finc,  106 
Christy  Mill,  434 
Citizens’  Mill,  243 

Colorado  Smelting  Company,  76 

Consolidated  Virginia  Mill,  155,  160,  159,  167, 
170.  187,  849,  360,  856,  862,  S6.»,  306,  368, 
880,  881,  385,  389,  394,  399,  404  ,  406,  415, 
428* 

Cusihuiriachic  Mill,  530 
Delaware  I^ad  Company  *  V  orks,  94 
Douglass  Mill,  167, 168, 170, 172, 189 
Electric  Mill,  167, 170 

Fureka  Mill  167.  170  172,  177,  1<9,  180,  188, 
1 S6  1 87 *  1 88,  189,  190,  350,351.  863,  366,  366, 
S6s'  371*  380,  381,  382,  385,  888,  389,  390, 896, 
404,  406,’  407,’  416,  416.  4*1,  449,  464 
French  Mill.  464 

92,  98,  95,  96,  97,  99,  104, 1C5,  109,  H6 
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Mills,  Grand  Prize  Mill  437 
Huanch&ca  Mill,  323 
Hunter’s  Valley  Mill,  186 
Idaho  Mill,  187 
Independence  Mill,  487 
International  Mill,  185,  180 
Judd  and  Crosby's  Mill,  349,  350,  380, 383,  385, 
SS9,  390 

Keystone  Consolidated  Mill,  155,  160,  170, 
183,  186,  187,  189 
Lake  Valiev  Mills,  625 
Lancaster  Mill,  437 
Lebanon  Works,  67 
Leeds  Mill,  434 

Lexington  Mill,  185,  186,  192,  193,  |252,  254, 
255,  260,  350,  853,  365,  306,  380,  389,  468,  413 
Linooln  Mill,  167,  170,  226 
Lyon  Mill,  456,  464 

Manhattan  Mill,  221,  224,  253,  254,  255,  256, 
258,  259,390 

Meadow  Valiev  Mill,  186,  416 
Metaoom  Mill,’  176, 177, 183. 184,  187, 347 
Montana  Company  Mill,  477,  479 
Mount  Con-  Mill,  218,  222 
Murphy  Mill,  413 

Nederland  Mill,  232,  233,  284,  235,  287  ,  239, 
349,  350,  353,  365,  366, 380,  381, 383,  385,  388, 

SS9 

Northern  Belle,  250, 260 
Old  Telegraph,  482,  486 

Ontario,  186,  221,  234,  249,  250,  251,  262,  253, 
255,  250,  257,  260,  380,  389,  411, 433,  435,  438 
Owyheo  Mill,  361,  416 
Pacific  Mill,  424,  464 

Pelican  Mill,  232,  233,  234,  235,  230,  334, 335 
Pennsylvania  Lead  Company,  76,  80,  81.  85, 
86, 88,  01,  92, 93,  95,  96,  97,98,  104, 105, 1U7, 
108,  110,  111,  113,  115,  116 
Pewabic  Mill,  207 
Plumas  Eureka  Mill,  169 
Pueblo  Smelting  Company,  77 
Quincy  Mill,  160 
Raymond  and  Ely  Mill,  185 
St.  Lawrence  Mill,  1S6 

St  Louis  Smelting  and  Refining  Company,  76, 
80,  81,  82,  84,  86,  88.  89,  91,  92,  93,  95,  96, 
99,  101,  104,  105,  109,  116 
Sheldon  and  Columbia  Mill,  200 
Silver  King  Mill,  481 
Silver  Reef,  411,  421,  534,540 
Sirocco  Works,  77 
Stamford  Mill,  170,185 
Stewart's  Mill.  350,  363,  380,  383,  885,  SSS,  389, 
394  ,  409,  415,  416,  421 
Storemont  Mill,  434 
Surprise  Valley  Mill,  254,  256 
Tombstone  Mill,  350,  301,  362,  395,  406,  428, 
432,  433, 464 

Triumpho  Works,  486,  500,  604,  516 
Union  Mill,  404 
Wenhan’s  Mill,  218 
White  Pine  Mill,  411,  415,  421 
White  Reef,  532 
Woodworth  Mill,  466,  464 
Wyandotte  Works,  72 
Mineral  Wands  used  in  the  Early  Days,  2 
Minerals  treated  in  the  Patio,  263 
Miners,  Early  Characteristics  of,  6 
Minors'  Pans,  5 

Profit  to,  351 

Mining,  Early  Losses  of,  6 

Progress  of,  since  1848, 1,  2.  0 
Schools  unknown  iu  the  United  States  pre* 
vious  to  1800,  1 

Mixed  Charge  at  Bertrand  Mill,  492 
Molino,  Stamp  Mill  for  Ore,  269,  332 
Montana,  Gold  produced  in,  37 

Gold  and  Silver  produced  in,  49 
Silver  produced  in,  48 
Wages  in,  440 

Monton,  a  Mexican  Weight,  281,  332 
Mortar  of  Ball  Stamp,  19S 

Block,  Blankets  for,  159 
Block,  Foot  Timbers  for,  167 


Mortar  Block,  how  placed,  155, 156 
California,  Advantage  of,  160 
Delivery,  161 
Feed,  Lining  of,  102 
Feed,  Slot  of,  162 
for  Gold,  161 
Lining  of  Ball  Stamp,  199 
Template,  159 
Wet,  for  Silver,  162 
Mortars,  160 

how  Bolted,  159 
Dry -crushing,  167 
Weight  of.  160 
Wet-crushing,  160, 161 
Morteros,  Stamping  Mills,  267,  332 
Mould  for  Bricks,  409 

Silver  Bricks,  141,  409 
Mules  on  the  Patio,  how  Driven,  286 

Negros,  Black  Ores.  263.  311, 332 
Nevada,  Gold  produced  in,  87 

Gold  and  Silver  produced  in,  49 
Silver  produced  in,  48 
Wages  in,  440 

New  Mexico,  Gold  produced  in,  37 

Gold  and  Silver  produced  in,  49 
Silver  produced  In,  48 
Nitric  Acid,  Parting  by,  46 
North  Bloomfield  Plaut,  Cost  of,  17 
North  Carolina,  Gold  produced  in,  37 

Gold  and  Silver  produced  in,  49 
Silver  produced  in,  48 
Norway,  Silver  produoed  In,  56,  57 
Nozzles,  Discharge  of  Water  from,  18 
Nuggets,  Early,  2 

Omaha  and  Grant  Company,  Prices  paid  or  Ores 
78 

Ontario  Mill,  Cost  of  Working  at,  434 
Dryer  of,  352 
Work  of,  455 

Ore,  for  Barrel  Process,  Cost  of.  335 

for  Barrel  Process.  Prices  paid  for,  335 
Conveyors  in  Leaching,  490 
Cooling  Pit,  492 

Crushing  from  Russell's  Process,  ol6 

how  Dclixered  to  Stamp  MiUs,  179 

Delivery  in  Pan  Mills,  352 

Dryers  for,  192 

Drying  for  Leaching,  488 

Mechanical  Analysis  of,  363 

for  the  Pan,  Assays  of,  350 

for  the  Patio,  Classification  of,  267 

Pelican,  Light,  334 

Prices  of,  at  Georgetown,  351 

Prices  of,  at  thu  Omaha  and  Grant  Companj , 

Prices  paid  for,  by  the  Pueblo  Smelting  Com- 

Prices  paid  for,  at  Sirocco,  77 
Prices  paid  for,  at  South  Pueblo,  i0 
for  Smelting,  62 
for  Stctefcldt  Furoace,_259 
Oregon,  Gold  produced  in,  87 

Gold  and  Silver  produced  iu,  49 
Silver  produced  in,  48 
Wages  in,  440 

Ores,  treated  in  Bruckner’s  Furnace,  -34 
used  in  the  Cazo  Process,  Sl- 
t rested  by  the  Pan,  350 
treated  in  the  Patio,  263 
Rebellious,  40 
Size  of,  Id  Crushing,  251 
Size  of,  for  Stotcfeldt  Furnace,  251 
.Straight,  334  _ 

Value  of,  at  Chihuahua,  267 
Value  of,  to  be  treated  in  the  Pan, 
treated  in  the  Wenban  Works,  •  9 
Yield  at  Tombstone,  422 
Oroche,  Bullion  after  Retorting,  265,  S32 
Oxidation  of  Copper  Granules,  150 

Pacific  Furnace,  242 
Packing  on  Mules,  8 
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Fan,  10,  1*,  35s  369 
Amalgamation,  349 
Amalgamation,  Origin  of.  44 
Bottom  of,  $71 

Bottom  for  Softening  Furnace,  S3 

ChUfioc,  SSI 

Chemical*  used  in,  SS4 

Clean-up  of,  3S7 

Combination,  377 

Cost  of  Working  aith,  10,442 

Currents  in,  $S2 

Dies,  Wear  of,3S$ 

Diecharreof,  SST 
General  Description  of.  STO 
Grinding.  Tmw  of,  3S2 
Horn.  STS 

a  Household  Utensil,  153 
Jacket,  371 
Knox,  SA\  tiM 
Loss  of  Iron  in,  SSS 
Mervun  u«d  in.  SS! 

Mills,  Arrangement  of.  350.  352 
Miner's,  5 

Mar.er,  srtk  s:i 

Number  used.  $A> 

Ore,  Treatment  in,  330 

Ores.  Assay  of,  350 

and  Patio.  American  Process,  135 

Pauon.  375 

Ptaee  of.  SSS 

Process.  Chemistry  of,  SS5 
Salt  used  in,  SSI 
Shoes.  311 
Shoe*.  W ear  of,  SSS 
Stevenson.  S79 
Temperature  of,  371,  372 
Tun*  of  Amalgamating  in,  SSS 
Use  of  Steam  m,  371 
Varney,  STS 
Wheeler,  STS 

Pan*  with  Stone  Bottom*.  SHI 

Parting  Gold  and  Stiver.  46 

Pasilla,  Dry  Silver  Amalgam.  Stt,  SS2 

Paternal  Government,  not  favourable  to  Pro- 

PauoTAdvanUf«»  D*id vantage*  of,  SU 

A maigamaUoo  Court,  467, fit,  27K,  Sit,  SSI, 
400.  SIS.  332 

Classification  of  Ores  for,  267 
<\*t  of.  SWS.  309,  310,  sii 
Duration  of.  294 
Flooring  °f« 

Mereur?  used  m.  2S6 
Method,  261 
in  Mexico,  2SS 

Ore*  and  Minerals  treated  in,  263 
and  the  Pan.  American  Process  of,  153 
Process,  Glossary  of.  S» 

Proem i.  *ben  Invented,  *2 
Process,  Parte  of,  263 
Reagent*  in.  2S1 

Retarded  by  Cloudy  Weather,  294 

Salt  used  in,  2S1 

Scraping*  £  from  Amalgam,  30) 

Slime*  of,  »0 
Spading  of,  2SS.  2S6 
Tbeor  v  of,  JSS 
Ttmdlag  of,  2S2.  *<5 
Treading  by  Mule*.  2S2 
Treading  by  Wheel*.  2SS 
Treatment  *00.  SSO 
Tree  of.  2M.  365 
Use  of  row.  SU 
Pattin*caag*  in  the  Cast,  63 
Pelican  Light  Ore,  334 

PennjvlS^^Uad’  Comp^-V  Desflvenmtion 
Peni^Sania  Lead  Company,  Quantity  treated  in 
Perdada^Loss  of  Silver  beside*  the  Comumido, 
P^i^L.  U*e  of.  in  Distillation  Furnace,  102 


Pierce*  Washer,  139. 140  _ 

Pila  Apr. rad  ora.  Tank  for  Residues,  301,  332 
Pila.  a  Trough  of  Hide,  80S,  332 
Pillow  Blocks  of  Rolls,  212 
Pimple  Metal,  Composition  of.  147 
Treatment  of,  147 
from  Zierrojpel  Tub  Residues,  146 
Pina,  Pressed  Amalgam  or  Retort  Silver,  322, 
329  332 

Pitch  of  Bottoms,  150 
Placer  Mining,  9 
Placers,  Careless  Work  of.  4 
Deep,  how  formed.  17 
Discover?  previous  to  1341,  3 
Dry,  9 

Plan  Lila.  Platform  to  Concentrate  Tailings,  264, 
265,  277,  301,  Stt,  SU,  SIS,  317.  SSS 
Plata,  Cornea  Amarillla,  lodyrite,  263,  333 
Cornea  Blanca,  Kerargyrite,  263k  332 
Cornea  Verde,  Embohte,  263,  S3* 

Mixta,  Alloy  of  Gold  and  hilver,  279,  332 
Negr*.  Argentlte,  263,  332 
Pasta,  Bare  of  Silver  after  Retorting,  265, 
306,  332 

Pina.  Silver  after  Retorting.  322,  332 

Silver,  263.  332 

Verde,  Blomierite,  263,  332 

PlatiK.\  Earthen  Plate  for  Testing  Sinnee,  275, 
Plamllero.  Operator  on  PUnilla,  277,  302,  SSI 

puun'r*  Z  .ppU^U.  v>  SUT«  o™. » 

Plorno,  Galena,  263,  332 
Polling.  96 

^  Cresses,  Weight  of,  97 
Crutch,  96 

KrtSS  emptied  by  Steite  Syphon,  97 
Kettle*.  Weight  of  Dross  from,  97 
by  Steam,  95 

Polvilkx,  Rich  Sriphirete,  265,  »2»  »2 

Pol vo.  Fine  Grained  Amalgam.  314,  SSS 
Portland  Cement,  Cupel.  44,  UO 
Position  of  Tuhs  in  Leaching.  53* 

Power  used  to  Crush  in  the  htamp,  219 
for  Mills.  352,  354 
for  Rolls.  217 

used  in  Silver  Mill*,  441.  443 
for  Stamps,  190 
Of  Stamp*,  how  Spent.  219 
required  for  the  Tin*  Process,  327 
Use  of,  on  the  Patio,  311 
Use  of.  in  Roll*.  219 

““  s£fr£E!2do£iLt.  51 

Precipitado.  Precipitated  c<*lPer;c2tSL  fas 
Precipitation  of  Lead  by  Sodium  Carbonate,  528 
in  RuieeU's  Process.  531 
Vat*  in  ZiervogeT*  Process,  1ST 
Pressure  of  Rolls,  21 7^  _ 

Price  of  Articles' in  California  in  1S4S,  4 
Probe  Samples,  506 
Profit  to  Miner,  351 
Prospectors  relied  on  at  First,  2 

Proevaan^Crad^'  Asm?  from  the  Caro,  314,  316, 
332 

Prussia,  Consumption  of  Silver  in,  52 

Puebio  Smelting  Company,  Prices  of  Ores,  77 
Pug  Mill  at  Tombstone,  46S 
Putter*  for  Rolls,  217 
Pulp,' in  Barrels.  Consistency  of,  340 
Definition  of,  446 

Klerator  for.  352  _ 

Fine,  most  easily  Dew-barged,  177 
Motion  of,  in  the  Pans,  371 
from  Rolls,  221 
Testing,  Ssl 
Vats,  366, 367 
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Pumps  in  Leaching,  534 

for  Leaching  Solutions,  511,  521 
for  Mercury,  898,399,  4U0 
Pyrargirito  in  Patio,  292 

Quantity  of  Ore  Stamped,  187 
Quartz,  Anything  containing  Gold  or  Silver,  153 
Gold.  23 

Que  Madero,  Distillation  Furnace,  264,  305,  332 
Quebradero,  Crusher,  264,  207,  332 
Qucmazon,  Black  Decomposed  Ore,  263,  332 
uicklime  in  Softening  Furnace,  84 
uicksilver  (See  Mercury) 

in  the  Arrastra,  274 
Quintal,  100  lb.,  308,  332 

Raspa,  Scrapings  from  the  Arrastra  or  Patio,  277, 
333 

Raspadura,  Scrapings,  264,  277,  300,  333 
Raspando,  Removing  Amalgam  from  Arrastra  by 
Scraping,  277,  833 

Raymond  and  Ely  Mill,  Details  of,  186 
Reactions  in  the  Torta,  287 

with  Magistral,  285 
Reagents  in  the  Patio,  288 
Rcbalado,  New  Bottom  to  Arrastra,  273,  833 
Rebellious  Ores,  31 

Treatment  of,  65 
Reese  River  Process,  39,  349 
Refining  Copper,  143 

Desilverized  Lead,  94 
Desilverized  Lead,  Time  of,  96 
Furnace,  Discharge  of,  at  the  Pennsyl¬ 
vania  Lead  Works,  99 
Furnace  for  Desilverized  Lead,  95 
Furnace  for  Copper,  Arrangement  of 
Roof,  143 

Furnace  at  the  Germania  Works,  95 
Lead  for  Dcsil vernation,  94 
Silver  from  the  Cazo,  322 
Rendido,  End  of  Amalgamation,  296,  297,  333 
Repair  Stamp  of  Ball  Stamp,  204 
Repairs  to  Ball  Stamp  Screens,  202 

Steam  Cylinder  of  Ball  Stamp,  204 
Repaso,  Treading  Ore,  282,  286,  333 
Retort  for  Distilling  Zinc  Scums,  Arrangement 
of,  106 

Furnace,  405,  406 
Furnace,  Charge  of,  407 
of  Furnace,  how  Suspended,  408 
Metal,  409 

Silver  from  Patio,  306 
Retorting  Patio  Amalgam,  306 
Retorts  at  Cheltenham,  101 

for  Distillation,  99, 105 
for  Distillation,  Lined  with  Graphite,  107 
Duration  of,  in  Brodie  Furnace,  101 
at  the  Woodworth  Mill,  459 
Reverberatory  Furnace,  Double  Hearth,  226 
Furnace  for  Roasting,  226 
Furnace,  Samples  of,  73 
Roasting  Furnaces  at  Boston  and 
Colorado  Works,  123 
Roasting  Furnaces  at  Boston  and 
Colorado  Works,  Dimensions  of, 
123 

Revolution  of  Rolls,  216 
Riflles,  12 

Roasted  Ore  at  Bertrand  Mill,  Assays  of,  493 

Ores,  allowed  to  remain  in  Heaps,  228, 
618 

Roasting,  Auxiliary  Fires  for,  228 

in  Bruckner’s  Cylinders,  Cost  of,  229, 238 
in  the  Brunton  Furnace,  241 
called  Calcining,  123 
Chargo  for,  at  Boston  and  Colorado 
Works,  125 
Furnaces,  40,  226 
Furnaces,  Bruckner’s,  228 
in  Heaps,  226 

in  Heaps  at  the  Boston  and  Colorado 
Works,  122 

High  Temperature,  Loss  from,  518 
in  the  Howell  Furnace,  242 


Roasting,  Mechanical,  227 

Ore  in  Furnaces  at  the  Boston  and 
Colorado  Works,  123 
Ores,  365 

Ores  for  Bricks,  337 
Ores  for  the  Patio,  262 
in  the  Pacific  Furnace,  242 
in  Reverberatory  Furnaces,  228 
in  Russell’s  Process.  517 
with  Salt  in  Leaching,  489 
Silver  Ores,  226 
in  Stalls,  226 

in  Stetefeldt  F’urnace,  Cost  of,  245,  259 
in  the  Thompson  White  Furnace,  244 
in  the  White  Furnace,  242 
Ziervogel  Residues,  B,  147 
Rock  Breaker,  Mexican,  21,  23 
Rock  Breakers,  how  used,  179 
Rocker,  10,  16 

Cost  of  Working  with,  16 
Rolls,  26,  210 

Accidents  to,  215 

Capacity  of,  211 

Cost  of,  224 

Cost  of  Steel  for,  218 

Crushing  Surface  of,  216 

Deadweight  an  Element  of  Strength,  22i 

Duty  of,  218,  222 

Duty  of,  Increase  with  Velocity,  220 

Effect  of  Crashing,  516 

Feed  Shoot  of,  214 

Krome’s  Description  of,  212 

Power  foT,  217 

Pressure  of,  217 

Pulley  s  for,  217 

Pulp  from,  221 

Revolutions  of,  216 

sent  readv  to  be  put  up,  225 

Sizes  of,  216 

Tyres  of,  214 

Use  of  Power  of,  219 

Wear  of,  221,  224 

Wear  of,  for  250  Days,  222 

Wear  of,  for  24  Hours,  222 

Weight  of,  215 

Working  Parts  of,  220 

Rolls  and  Stamps,  Comparison  between,  223 
Comparison  of  Cost  of,  223 
Efficiency  of,  219 

Roof  of  Matte  Furnace  in  the  Boston  and  Colorado 
Works,  128 

Rosan  Process,  used  at  Eureka,  75 

Roseclara,  Ruby  Silver,  263,  333 

Rubbers.  40 

Ruby  Silver,  263 

Run  of  a  Sluice,  13 

Russell’s  Process,  45,  64  ,  544 

at  Bullionville,  for  50  Tons 
Raw  Ore,  539 

Cost  of,  at  Bullionville  for  100 
Tons  of  Roasted  Ore,  542 
Cost  of  175  Tons  of  Raw  Ore,  541 
Cost  of  100  Tons  Raw  Ore  at 
Bullionville,  540 
Experiments  w  ith.  257 
Plant  for  50  to  100  Tons,  537 
Plant  for  100  Tons  Raw  Ore,  538 
Plant  for  100  Tons  of  Roost**] 
Ore,  537 

Plant  for  100  Tons  of  Tails,  538 
at  Silver  City,  535 
Russia,  Consumption  of  Gold  in,  62 
Consumption  of  Silver  in,  62 
Gold  ana  Silver  produced,  56,  57 
Rusty  Gold,  5,  28 

Safes,  Amalgam,  896,  397,  398 
Safety  from  Theft  in  Early  Days,  8 
St.  Louis  Smelting  and  Refining  Company,  75 
Salivation,  Prevention  of,  40S 
Salt,  Action  of,  in  the  Torta,  28S,  293 
Influence  of  in  Pan,  886 
in  Patio,  281 

best  Place  to  add  in  Leaching,  490 
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Salt  Lake,  Desilverization  at,  80 
used  in  the  Pan,  384 
in  Roasting  for  Leaching,  489 
required  in  Stetefeldt  Furnace,  252 
Volatilisation  of  in  Stetefeldt  Furnace,  253 
Saltierra,  Impure  Salt,  2S2,  383 
Sampler  for  Assays  at  Wyandotte,  73 
The  Bennett,  68 
The  Lebanon,  67 
Samples,  Probe,  506 

from  Reverberatory  Furnaces,  73 
from  Silver  Bricks,  414 
from  Stetefeldt  Furnace,  78 
from  Wet  Crushing  Mills,  72 
Sampling,  66 

and  Assaying  Argentiferous  Lead  Ores,  79 

Mechanical,  67,  271,  356 

Ore  at  the  Boston  and  Colorado  Works,  119 

Silver  Lead  Ores,  79 

Tools,  69,  70 

San  Cedea,  Cost  of  Patio,  309 
Sand,  Definition  of,  446 

used  in  the  Torta  against  Heat,  2S7 
Scraping  the  Arrastra,  277 
Scrapings  of  BrUckner’s  Cylinder.  237 
Screening,  Object  of,  356 
Screens  of  Ball  Stamps,  201 

of  Ball  Stamps,  Duration  of,  201 
of  Ball  Stamps,  Repairs  to,  202 
of  Different  Sizes,  Effective  Use  of,  252 
Discharge  of,  161,  162,  177 
for  Dry  Crushing,  174 
at  End  of  Mortar,  170 
how  fastened,  176 
Front  and  Rear,  li  t 
Holes  of,  174 
Life  of,  174,  176 
Slots  of,  174,  175 
for  Wet  Crushing,  174 
Wire  Cloth  for,  175 
Settler,  390 

how  often  Cleaned,  393 
Discharge  from,  391 
Discharge  of,  390,  391 
Length  of  Operation,  392 
Mercury  in,  392 
Shoes  of  Ball  Stamp,  200 

of  California  Stamp,  169 
of  Pan,  371 
Shank  of,  169 
of  Steel,  189 
Wear  of,  169, 18S 
Sills  of  Stamp  Mills,  158 
Silv  er  Bars  from  Patio,  eight  of,  306 

produced  at  the  Boston  and  Colorado 
Works,  118 

Brick  Moulds,  409,  410 
Brick  Samples,  414 
Bricks,  414  . 

Cement.  Washing  and  Fusing,  133 
Chloride,  Action  of,  239, 290,  291, 

Chloride,  said  not  to  be  formed  in  the  Torta, 

City?  Russell’s  Process  in,  533,  535 
Composition  of,  in  the  United  States,  62 
used  for  Dentists’  Supplies,  54 
Furnace  for  Smelting  Cement,  141 
sent  to  India,  58  ... 

used  for  Instruments,  54 

used  for  Jewelry.  64 

Lead,  Assaying  of,  ,9 
Lead,  Cupellauon  of,  109 
JnLead  to  be  Desilverized,  88 

EJdOri,  Sampling  o(,  7* 

Lead  Sampling.  79 
used  for  Leaf,  54 
Loss  of,  in  the  Fondon,  316 
Loss  of,  in  the  Patio,  297 

used  by  Manufacturers,  66 

Mills,  Capacity  of,  441,  444 
Mills,  Cost  of,  444 
Mills,  Fuel  used  in,  440 
Mills,  Power  used  in,  440 
Mills,  Water  used  in,  441 


Silver,  Native,  263 

Native,  Charge  of,  in  the  Arrastra,  276 
produced  in  Norway,  56,  57 
Ore,  Gold  Amalgam  to  be  used,  60 
On's  treated  at  the  Boston  and  Colorado 
Work*,  118 

Ores,  Prices  of,  351,  352 
Ores,  Roasting  of,  226 
Ores,  Search  for,  9 
Per  Cent,  extracted,  411 
used  for  Pins,  54 
used  for  Plate,  54 
Precipitation  in  Leaching,  510 
Precipitation  of,  in  Ziervogel’s  Process,  137 
Price  of,  from  Russell’s  Process,  532 
producing  Regions,  62 
Recovery  in  Desilverized  Lead,  92 
Refining  from  the  Cazo,  322 
Retort  for  Patio,  306 
produced  in  Spain,  57 
used  for  Spectacles.  54 
Sulphate,  Assay  for,  134 
Sulphate,  Charge  for,  129,  132 
Sulphate  Furuace,  180 
Sulphate  Furnace,  Working  of,  133 
Sulphate,  Leaching  of,  136 
Sulphate,  Roasting  of.  Furnace  for,  129 
Sulphide,  Action  of,  238,  293 
Sulphide,  Collecting  of,  512 
Sulphide,  Melting,  613 
Sulphide,  Roasting  of,  513 
produced  in  the  United  States,  47.  48,  60 
Value  of  Lead  to  be  Desilverised,  111 
Washing  Tub,  139 
used  for  Watch  Cases,  54 
used  for  Watch  Chains,  54 
used  for  Watches,  54 
used  for  Watchmakers’  Supplies,  54 
Wet  Mortar  for,  162 
used  in  the  World,  55 
Silver  and  Gold  produced  in  Africa,  56,  57 

•  produced  in  Australia,  56,  57 

produced  in  Austria,  56,  57 
produced  in  Bolivia,  67 
Bricks,  Value  of,  410 
produced  in  Canada,  56,  57 
produced  in  Chili,  67 
Coined  in  India,  58 
Collected  of  Amalgam,  60 
produced  in  Columbia,  56,  57 
m  Copper  and  Lead  Ores,  32 
produced  in  Europe,  56,  57 
produced  in  France,  56,  57 

Eroduced  in  Germany,  56,  57 
oarded,  58 

produced  in  Hungary,  57 
produced  in  Italy,  56,  57 
Losses  of,  58,  69 
produced  in  Mexico,  56,  57, 

Ores,  Prices  paid  for,  at  Boston  and 
Colorado  Works,  119,  121,  122 
Precipitation  in  Russell’s  Process, 
429 

produced  in  Russia,  56,  57 
produced  in  South  America,  56, 
67 

produced  in  Sweden,  66,  67 
produced  in  Turkey,  57 
produced  in  the  United  States, 
56,57 

produced  in  Venezuela,  56,  57 
produced  in  the  World,  55 
Size  of  Mills,  193 

Ore  delivered  to  Stamp,  362 
Rolls,  216 

Vats  at  Bullionville  for  Russell's  Process 
520 

Sklmmings  of  Amalgam,  Treatment  of,  403 

in  Desilverization,  Treatment  of,  91 
of  Zinc,  Desilverization  Treatment  at 
Cheltenham,  93 

Slag  from  the  Matte  Furnace,  128 
Slags  at  Tombstone,  478 
Slimes,  Direct  Amalgation  of,  455 
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Slimes,  Battery,  447 

from  Cazo,  Amalgamation  of,  317 
from  the  Cazo,  treated  in  the  Torta,  817 
Definition  of,  446 
Loss  of  Mercury  in  Treating,  456 
from  the  Patio,  281 
how  Settled,  448 
Value  of,  447 
Slots  of  Screens,  175 
Sluice,  11 

Sluices,  an  Appendage  to  the  Battery,  26 
Blanket,  27,  448,  452 
with  Copper  Plates  for  Tails,  394 
in  Mills.  865 

.  Woodworth,  449,  450 
Sluicing  Tails,  608 

Tails,  Water  for,  508 

Wlf.  V£?°^;0/th  Work  of,  452 
Smelting,  First  Attempts  of,  41 
Socket  of  Stamp,  169 
Socorro,  Prices  paid  for  Ores,  77 
Soda  Ash,  Purification  of,  528 
Use  of,  528 

Sodium  Amalgam  used  in  Pan,  383 

and  Calcium  Sulphides,  Effect  of.  630 
Carbonate i  to  Precipitate  Lead,  520 
Hyposulphite,  Leaching  Mill,  60 
Hyposulphite,  Use  of,  484 

So^ingtti^gT1''630 

Charge  of,  at  Germania,  82 
Charge  of i  at  Pennsylvania 
Lead  Company,  82 
at  Cheltenham,  81 
Construction  of,  82 
Discharge  of,  at  Cheltenham, 

Discharge  of.  at  Germania,  85 
r  h5r£e  of.  at  Pennsylvania 
Lead  Company,  85 
Dust  Chambers  of,  86 
at  Germania,  81,  82 
at^Pennsjlvania  Lead  Works, 

Softening  Lend,  4S  "  J“ke* ln’  81 

OhA^no».^,Ul,ri“ti0n'80 

Time  of,  84 

338*’  ast  Ir0n  Bottom  of  a  Chilian  Mill,  820 

south  Carolina,  Gold  produced  in,  49 

Spading  the  Patio,  283  2SG 
S"'vcr  product  inf 67 
Spangle,  Reaetion,  134 
Speed,  High,  of  Stamps  the  best  186 
o  ,*  ,  ond  Weight  of  Stamps  36«18 

Stall  Roasting,  226 

Stamp  Heads.  Wear  of,  188 
Horse-Power  of,  I84 

Light,  185 
Md  .Cost  of,  100 
Mil ,  Crow  of,  435 
M|  .Delivery  °f  Ore  to,  179 
M  ,  Parts  of,  220 
m  i  1eru'f  er  Crush,  219 

M  ’  3**.  DroP8  of,  216 

“n!;,mrPlpMt"’ 178 

MillJ  a^hi!1Uahua-  267 
M  s,  Details  of,  185,  443 
MiIIb,  Framing  of,  155,  166, 157 


Stamp  Mills,  Quantity  Stamped,  187 
New,  how  Started,  179 
Order  of  Blow  in  California,  180 
Order  of  Blow  in  Nevada,  180 
Place  of,  in  a  Pan  Mill,  362 
Power  for,  190 
Power,  how  Spent,  219 
Pressure  of,  217 
Quick  or  Slow,  184 
Rectangular,  166 
Setting  up  of,  173,  191 
Shoes,  Wear  of,  188 
Sills,  Anchoring  of,  158 
Socket  of,  169 
Stem,  167 

Stems,  Wear  of,  188 
Tappets,  Wear  of,  188 
Water  Power  for,  190 
Wear  of,  188.  221,  224 
Weight  of.  170,  171,  223 
Weight  and  Speed  of,  3 '2 
Weston’s  Pulley  for,  191 
Working  Parts  of,  220 
Yield  of,  per  Horee-Pow’er,  184 
Stamping,  Dry,  39 

Labour  of,  436 
Wet,  39 

Stamps  and  Rolls,  Arrangement  of,  171 
Ball,  25, 193 
Blows  of,  183,  184 
Boss  of,  169 
California,  25 

California,  how  made  up,  153 
Comparison  between,  223 
Cornish,  25 

Crush  Faster  than  they  Dis¬ 
charge,  185 

Crushing  Surface  of,  216 
Dies  of,  162 
Dies,  Wear  of,  188 
Dimensions  of,  170 
Drops  of,  184, 187 
Duty  of  Decrease  with  Velo¬ 
city,  220 
Efficiency  of,  219 
European  differ  from  Califor¬ 
nian,  154 

Fast  Working,  Effects  of,  IS7 
Fingers,  173 
Foundations  of,  164 
Fuel  for,  190 
German,  25 
Hanging  up  of,  173 
Head  of,  169 
Stanford,  C.  P.,  said  to  be  the  Inventor  of  the 
California  Stamp,  182 
Stanford’s  Automatic  Feeder,  181 
Stave  Lining  of  Ball  Stamp,  199 
Duration  of,  199 

Steam  used  in  Desilverization  Kettle,  90 

for  Heating  Pans,  free  from  Grease,  61 
for  Polling,  96 
Steel,  Cost  of,  for  Rolls,  218 
Shoes  for  Stamps,  189 
Steitz’s  Syphon,  44,  88 

Construction  of,  97,  98 
for  Distillation  Furnace,  103 
for  Polling  Kettles,  97 
Stem  of  Ball  Stamps,  200,  203 
BoxeB,  172 
Guides,  172 
how  Fastened,  177 
of  Stamps,  Dimensions  of,  167 
Wear  of,  188 
Stetefeldt  Furnace,  245 

Capacity  of,  260 
Charging  Apparatus  for,  ?46 
Chloruration  in,  253,  254,  255 
Cost  of,  258 
Draught  of,  248 
Fuel  for,  257 
Furnace,  Dust  of,  248 
Labour  in,  257 
in  Old  Mills,  353 
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Stetefeldt  Furnace,  Ores  from,  259 

Place  in  Mills,  S53 
Samples  from,  73,  249 
Size  of  Ore,  251 

Stewart’s  Mill,  349 

Storemont  Mill,  Cost  of  Working  at,  434 
Straight  Pelican  Ore,  334 
Strainers  of  Duck  or  Canton  Flannel,  395 
for  Mercury,  395 
Straining  Amalgam,  396 

Hot,  397,  398,  403 

Sulphide,  to  Precipitate,  Quantity  of,  511 
Sulphuretted  Hydrogen  for  Precipitation,  505 

Prevents  Amalgamation, 
28 

Sulphuric  Acid  Parting,  46 
Surface  Crushing  of  Rolls,  216 
Survey  for  Hydraulic  Mining,  17 
Sweden,  Gold  and  Silver  produced  in,  55,  57 
Switzerland,  Consumption  of  Gold  in,  52 
Silver  in,  62 


Tahona,  a  Spoon  Arrastra,  264,  273,  333 
Tahonero,  Man  in  Charge  of  the  Tahona,  273,  333 
Tail  Assays  at  Bertrand  Mill,  494,  507 
Assays  at  Tombstone,  467 
Furnace,  Details  of  Treatment,  476 
Furnace,  Work  on,  473 
Mills,  40,  455 

Mills  at  White  Pine  County,  464 
Tails  on  the  Arrastra,  277 
Bricks  of,  472 

made  into  Bricks  at  Tombstone,  472 
Concentration  of,  28 
Concentration  of,  in  Boliche,  302 
Cost  of  Treatment  at  Tombstone,  470,  475 
Difficulty  of  getting  rid  of,  19 
Direct  Amalgamation  of,  457 
Discharge  at  the  Bertrand  Mill,  508 
from  Dolly  Tub,  treated,  343 
from  the  Lavadero,  301 
Loss  in,  59 

from  Patio,  Treatment  of,  by  the  Von  Patera 
Process,  303 

from  the  Patio,  used  for  Magistral,  303 
treated  on  the  Plan  ilia,  301 
future  Value  of,  33 

in  Silver  Mills,  treated  on  Buddies,  394 
in  Silver  Mills,  treated  on  the  Frau  Vanners, 
394 

Sluicing,  508 
at  Tombstone,  395 
used  in  the  Torta  against  Heat,  287 
Treatment  of,  446 
Treatment  at  the  Eureka  Mill,  449 
Treatment  of,  in  Furnace  at  Tomostone,  471 
Treatment  at  Tombstone,  420,  464 
Yield  of,  at  Tombstone,  475 
Tank  Furnace,  81 
Tanque,  First  Settling  Tank,  301,  333 
Tappet,  167 

Bolted  on,  168 

Revolves  by  the  Stroke  of  the  Cam,  169 
Wear  of,  188  ,  , 

Tellurium  Ores  used  at  Boston  and  Colorado 
Works,  117 

Nitrate  of  Mercury,  used  for,  in 
Pan, 385 

Template  for  Mortar ,  159 
Tennessee,  Gold  produced  in,  37 
1  Gold  and  Silver  produced  in,  49 

Silver  produced  in,  48 
Tentadura,  Assay,  275,  295,  333 
Test  for  Leaching,  497 
Testing  Pulp,  381 

Solution  in  Leaching,  506 
Tests  on  the  Bar  in  Patio,  276 
Tetrahedrite  in  Maine,  62 
Theory  of  the  Patio,  288 

“dU»^ub.c  Yard  of  Oo.d 

Washed,  16 
Throat  of  Battery,  176 


Tierras  de  Labores,  Smalls  from  the  Mine,  264» 
267,  273,  333 

Llunque,  Smalls  from  the  Cleaners, 
267,  333 

Tilting  Furnace,  Faber  de  Faur’s,  108 
Tina  Amalgam  Washing,  299 

Cargadora,  Tank  into  which  Slimes  are  dis¬ 
charged,  300,  333 

a  Circular  Tank,  248,  299,  300,  312,  318,  319, 
321,  322,  323,  324,  327,  333 
Francke,  Cost  of  Working,  324 
Francke  Process,  323 
Francke  Process,  Charge  for,  327 
Process,  319 

Process,  Amalgam  from  Treatment  of,  327 
Process  at  Gaudaloup,  326 
Process,  Glossary  of,  330 
Process  at  Huanchaca,  325 
Process,  Loss  of  Mercury  in,  329 
Process,  Power  for,  327 
Tails  from,  301 
Tola,  a  Coarse  Shrub,  324,  333 
Tom,  Cost  of  Working  with,  16 
Long,  11 

Tombstone,  Cost  of  Treatment  at,  433 
Tails  from,  4*0 
Tools.  Sampling,  67,  70 
Torba,  Peat,  324,  333 
Torta,  Cold  Working,  287,  288 

Heap  of  Slimes  on  the  Patio,  271,  273,  281, 
282,  286,  287,  288,  295,  296,  298,  299 
300,  302,  317,  333 
Hot  Working,  287,  288 
Making  of,  280 
Reactions  in,  287 
Working  of,  298 
Trapiche,  Chilian  Mill,  269,  323,  333 
Treading  by  Mules,  282 

the  Patio,  282,  2S6 
the  Torta,  294 
by  Wheels,  283 
Work  of,  287 
Treatment  of  Tails,  446 
Tree  of  Boston  and  Colorado  Works,  120 
the  Patio  Process,  264,  265 
Trilla,  Heap  of  Slimes,  281,  333 
Truck,  Overhead,  for  Pans,  380 
Tub  Residues  of  Ziervogel  Process,  130,  145 
Washing,  The  Torta,  299 
Tubs  for  Leaching,  Size  of,  495,  496 
Tullock  Feeders,  223 
Tunnel  for  Hydraulic  Mines,  17 
Turkey,  Gold  and  Silver  produced  in,  57 
Turning  the  Pile,  286 
Tyres  of  Wheels,  214 


Undercurrents,  13 

United  States,  Consumption  of  Silver  in,  52 
Gold  produced  in,  37 
Silver  produced  in,  48 
Uses  of  Gold  and  Silver,  65, 56,  57 
Utah,  Gold  produced  in,  37 

Gold  and  Silver  produced  in,  49 
Silver  produced  in,  48 
Wages  iu,  440 

Venezuela,  Gold  and  Silver  produced  In,  56,  57 
Virginia,  Gold  produced  in,  37 

Gold  and  Silver  produced  in,  49 
Silver  produced  in,  48 
Voladora,  a  Muller,  271,  274,  333 
Voltcar  la  Torta,  Spading,  286,  333 
Von  Patera  Process,  45,  64,  482,  483 

used  on  Patio  Tails,  303 

Wages  in  Arizona,  440 
in  California,  440 
in  Colorado,  440 
on  the  Comstock,  435 
at  the  Comstock  Mills,  439 
in  Dakota,  440 
at  the  Grand  Prize  Mills,  437 
in  Idaho,  440 

at  the  Independence  Mills,  43i 
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Wages  at  the  Lincoln  Mills,  437 
at  Mills,  430 
in  Montana,  440 
in  Nevada,  440 
at  the  Ontario  Mills,  438 
in  Oregon,  440 
in  Utah,  440 

Washing  the  Torta,  298,  299 

Washington  Territory,  Gold  produced  by,  37 

Gold  and  Silver  produced 
by,  49 

Silver  produced  by,  48 
Washoe  Process,  39,  349 
Waste  Heat  for  Drying,  192 
Water  in  the  Arrastra,  274 
in  Battery,  362,  363 
Dirty,  prevents  Amalgamation,  28 
for  Discharge  of  Pan,  387 
Displacement  of,  in  Leaching,  605 
Jacket  in  Softening  Furnace,  81 
in  Leaching,  506 

of  Mills  containing  Metals  in  Suspension,  59 
Pipes  for  Dcsilverization  Kettles,  90 
Pipes  for  Stamp  Mills,  178 
Power  for  Stamp  Mill,  190 
on  Red-Hot  Ore,  Effect  of,  525 
in  Silver  Mills,  442 
for  Sluicing  Tailings,  508 
for  Stamp  Mills,  177 
used  in  Stamp  Mills,  178 
Supply,  178 
in  Wet  Crushing,  365 
Water-back  in  Cupellation  Process,  109 
Furnaces,  42 
Wear  of  Pan  Dios,  388 
Pan  Shoes,  388 
Rolls,  221,  224 
Rolls  for  250  Days,  222 
Rolls  for  24  Hours,  222 
Silver  and  Gold,  55 
Stamps,  188,  221,  224 
Thirty  Stamps,  Cost  of,  189 
Weight  and  Cost  of  Ball  Stamp,  206 

Dead,  in  Rolls,  an  Element  of  Strength, 
226 

of  Rolls,  215 

and  Speed  of  Stamps.  362 
of  Stamps,  170,  171,  223 

Weston  Pulley,  used  over  Stamps  and  Pans,  159, 
191 

Wet  Crushing,  Discharge  of,  177 

Mills,  Samples  from,  72 
Mortars,  160,  161 
Screens,  4,  174 


Wet  Crushing,  Water  used  in,  365 
Mortar  for  Silver,  162 
White  Metal  Fusion,  Furnace  for,  149 
Roasting  of,  146 
Tapping  of,  146 

from  Ziervogel  Tub  Residues,  146 
Wings  of  Pan,  375,  378,  388 
Winnowing  Gold,  4 
Wire  Cloth  for  Screens,  175 
Wood  at  Bertrand  Mill,  495 

for  Bruckner’s  Cylinders,  237 
Woodworth  Sluices,  449,  450 

Description  of,  450 
Work  of,  452 

Work  at  Ontario  Mill,  435 

of  Treading  the  Patio,  287 
Working  Parts  of  Rolls,  220 
Stamps,  220 

Wyandotte,  Assay  Sampler,  72 
Wyoming,  Gold  produced  in,  37 

Gold  and  Silver  produced  in,  49 
Silver  produced  in,  48 

Yareta,  a  Resinous  Moss,  324  ,  333 
Yield  of  Stamp  per  Horse- Power,  184 

Ziervogel  Residues,  B,  Working  of,  145 

Tub  Residues,  Charge  for  Treatment,  145 
Tub  Residues,  Matte  from,  146 
Tub  Residues,  Treatment  of,  145 
Tub  Residues,  White  Metal  from,  146 
Ziervogel's  Process,  46,  129.  145 

Relative  Cost  of,  45 
Relative  Loss  in,  45 
Zinc  Blende  in  the  Patio,  263 
Desilverization,  74 

of  good  quality  to  be  used  in  Desilverization, 
92 

used  in  Desilverization,  to  be  Argentiferous, 
89 

Desilverization,  History  of,  43 
Desilverization  for  Silver  Lead,  63 
Dcsilverization  Works,  Location  of,  74,  75 
Determination  of,  Amount  in  Desilverization, 
88,  89 

Incorporation  of,  in  Zinc  Desilverization,  86 
Manner  of  adding  in  Desilverization,  88 
Number  of  Additions  in  Dcsilverization,  89 
Scums,  Distillation  of,  44 
Scums,  Treatment  of,  99 
from  Silver  Scums,  Condensation  of,  105 
for  two  or  three  Skimmings  in  Desilveriza 
tion,  91 

Skimmings,  Quality  of,  118 
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